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BLASTOPORE AND SP I NA B I F I DA 

A Comparative Morpholpgical, Teratological 
Study ' s  Eggs 

0. Hestwig 

ABS' 

ABSTRACT. This work is a comparative morphological, terato- 
logical study on malformed frog's eggs. The author studies 
Idisorders of the ferti 1 ization process; disorders in the 
\gastrulation process and the malformations resulting from 
]these disorders. A critical examination and evaluation of 
'the findings of the author's studies are given; he also 
idiscusses similar malformations in other classes of verte- 
brates. Malformations in the three higher vertebrat 
classes are studied and the findings are applied to basic 
questions of vertebrate animal morphology. The coelmic 
theory and relation of  the blastopore to diff of malformations are discussed. The author a 

conditions under which multiple rudiments ca 
,a single egg cell. Figures are presented an 

In  order  t o  go more deeply i n t o  the  quest ion,  which i s  st i l l  wrapped i n  / 3 5 3 *  darkness, of whether malformations can be produced through polyspermy, t h i s  
Spring I again took up experiments on eggs o f  Rana Temporaria, experiments 
which I had begun years  ago but  discont  nued, 
eggs i n  two ways, af ter  chemical metho f a i l ed  to y i e l d  the desired result. 
F i r s t ,  I removed t h e  u te rus  f i l l e d  with eggs from the  abdominal cav i ty  o f  
the  female and placed it f o r  2-4 days i n  a moist chamber i n  order  t o  cause 
damage by t h i s  treatment and t o  obta in  r e s u l t s  similar t o  those  one obtained 
with echinoderm eggs which have been allowed t o  l i e  i n  s e a  water f o r  1-2 days 
a f t e r  the  emptying of  t he  ovary, before  the  semen i s  added. I t  i s  su rp r i s ing  

on the  t h i r d  and four th  days a l a rge  po r t ion  of  them develops i n  a normal 
manner; another  po r t ion  shows i r r e g u l a r i t i e s  i n  the  process o f  cleavage from 
which polyspermy might be in fe r r ed ;  f i n a l l y ,  a t h i r d  por t ion  does not  develop, 
even i f  spermatozoa have perhaps pene t ra ted  t h e  yolk.  

1 produced po~yspermy in frog l s  

ow l i t t l e  the  f r o g ' s  eggs s u f f e r  i n  geperal  from t h i s  t reatment .  For even 

* Numbers i n  t h e  margin ind ica t e  paginat ion i n  the  fore ign  t e x t .  
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A second procedure f o r  o ermy cons is ted  o f  s epa ra t ing  the  
f rog  pairs from one another  e males from t h e  females f o r  
4-6 weeks. d t h e  u t e rus  are not depo 
s o  long p a s t  t h e  normal t i m e ,  they are l ikewise damaged, as has a l s o  
observed i n  echinoderms and f they come i n t o  a cond i t i  

ments i n  t h e  process  of  cleavage i d e  eggs which are d iv id ing  
normally . 

When t h e  eggs which 

m I have l abe led  as overr ipenes more o r  less frequent  derange- 

In  d i f f e r e n t  c u l t u r e s  obtained i n  t h i s  way I d i d  not  chance upon a 

In  t h i s  r e spec t ,  my experiments had remained without t he  des i r ed  
s i n g l e  mul t ip le  formation, although I had d i r e c t e d  my s p e c i a l  a t t e n t i o n  t o  
t h i s .  
r e s u l t .  On t h e  o t h e r  hand, however, i n  t he  c u l t u r e  g l a s ses ,  many eggs 
a t t r a c t e d  my a t t e n t i o n ,  which had developed pa tho log ica l ly  i n  a p e c u l i a r  
manner and were t h e r e f o r e  examined i n  d e t a i l  t o  determine whether they had 
any connection with t h e  quest ion which was i n t e r e s t i n g  me. They were d i s -  
t inguished  by a now more, now less wide potency of t h e  b las topore  up t o  l a te  
s t ages  of development. 

To da te ,  t he re  has been only one more d e t a i l e d  note  i n  the  l i t e r a t u r e  
. concerningsuch malformations of  t h e  f r o g ' s  eggs by Roux i n  h i s  cont r ibu t ions  

t o  t h e  mechanism of  development of  t he  embryo. Roux [61] descr ibes  t h e  
malformation under t h e  t i t l e  of  asyntax ia  o r  

"Both medullary f o l d s  , I 1  he remarks, "are s i t u a t e d  far apa r t ,  while they  
occupy t h e  lateral margins of  a long i tud ina l ,  almost l eve l  p l a t e  represent ing  
the  embryo; under each medullary f o l d  the re  i present  through t h e  assembly 
of a mere 3 t o  4 cel ls ,  a f i n e ,  bu t  l ikewise round semichorda lateralis ,  
which i s  w e l l  charac te r ized  i n  c ross -sec t ion .  S imi la r  bu t  smaller divergence 
of t h e  medullary f o l d s  was a l s o  found t o  occur repeatedly only p a r t i a l l y ,  
e spec ia l ly  i n  t h e  areas o f  t h e  p o s t e r i o r  h a l f  o f  t h e  s p i n a l  cord.  I n  t h i s  
case t h e  presence o f  t h e  endoderm was de tec t ab le  i n  sec t ions ;  on t h e  o t h e r  
hand, however, i t  could e a s i l y  be e s t ab l i shed  by repeated observat ion on t h e  
l i v i n g  egg t h a t  the  l a r g e  c le f t  betwe 

the  middle and caudal po r t ion  of  t he  
f requent ly  a f u r t h e r  approximation o 
a c t u a l l y  more on t h e  caudal s i d e ,  s o  t h a t  f i n a l l y  only a hole  s t i l l  remained 
i n  t h e  middle of  t h e  length  of t h e  embryonic medullary tube which, however, 
l a te r  on became closed as well .  
downgrowth of  t he  h a l f  do r sa l  p l a t e  o 
egg, while t h e  q u a l i t a t i v e  d i f f e r e n t i  t i o n  produced t h e  medullary fo lds  
before  fus ion  of  t h e  halves  of  t h e  do sal p l a t e  without being r e t a rded  by 
t h e  former. This form o f  d i a s t a s i s  mcidullaris and t h e  de r iva t ion  of  t h e  
cleavage space from t h e  b las topore  i l l u s t r a t e s  most c l e a r l y  an analogy of  
t h e  formation o f  t h e  embryonic formation i n  amphibians with t h a t  i n  t h e  
f i s h e s  and thus connects a l s o  t h e  a i a  medullar is  with t h e  "delay i n  
jo in ing  o f  t h e  halves  of  t h e  germin 
and p o s t e r i o r  embryonic anlage" as 

iastasis medul la r i s .  

both medullary fo lds  represents  t h e  

ryo only,  I subsequently saw more 
e medullary fo lds  t ake  p lace ,  

- blas topore  o r  t h e  remainder of it". n cases of  asyntax ia  medullar is ,  i n  

Therefore,  t h i s  was only a delay i n  t h e  
e i t h e r  s i d e  from t h e  equator  of t h e  /355 

g f o r  t h e  formation o f  t h e  c e n t r a l  
bed by Rauber f o r  t h e  bone f i shes . "  

2 



-_ __ x - - 
- 

Since my cu l tu re s  furn ished  a 
" s o  t h a t  I was able  t o  isolate;z@qu se i n  a s h o r t  time, I 

m a t  d i f f e r e n t  i n t e r v z l s  l i z a t i o n  i n  1% chromi 
ion  of  0.2% acetic ac id .  i c i e n t  hardening t h e  
were removed by car a v e l l e  so lu t ion  as re  

by Blochmann [Zb] and t h e  emb were preserved i n  85 

n t i f u l  supply o f  malformations, 

In t h i s  manner I obtained a very comp 
i n  d i f f e r e n t  s t ages  o f  development wh h,  i n  s p i t e  o f  d ive r se  v a r i a t i o n s  i n  
the  degree of  malformation, s t i l l  presented a q u i t e  t y p i c a l  appearance. In  
t h i s  I found encouragement f o r  f u r t h e r  i nves t iga t ion .  With l i t t l e  magnifi- 
ca t ion ,  t h e  individgal__eE_s--were c l o s e l y  examined from d i f f e r e n t  s i d e s  and 
sketched with the' eamgra ZueZda- Theqeupon they  were d i s sec t ed  i n t o  series 
of cross-wise,  s a g i t t a l ,  o r  f r o n t a l  s c t ions  as appeared des i r ab le  i n  t h e  
p a r t i c u l a r  case. i t t a l  s ec t ions  only one h a l f  was used 
i n  most cases; the  o t h e r  ._ h a l f  ___-- could then  s t i l l  se rve  f o r  a series o f  c ross -  
s e c t i o n s .  
gested by Oscar Schul tze  -[62]-which I a l s o  found t o  be s u i t a b l e .  

te- ser ies  of  malformed f r o g ' s  eggs 

In  preparing t h e  s 

Embeddinglh paraffinjwas done according t o  the  procedure sug- 

The r e s u l t s  o f  t h e  r a t h e r  ex te  e i n v e s t i g a t i o n  are repor ted  i n  t h e  
O f  t hese  t h e  first Chapter dea ls  with d i so rde r s  following t h r e e  chapters .  

of t h e  process  of f e r t i l i z a t i o n ;  t h e  second dea ls  with monstrous development 
o f  eggs where l a r g e r  o r  lesser po r t ions  of t h e  yolk remained undivided; t h e  
third dea ls  with d i so rde r s  of  t he  process  of g a s t r u l a t i o n  which lead  t o  
de fec t ive  c los ing  o f  t h e  b las topore  and as a consequence thereof  t o  a series 
o f  malformations. 

1 .  

/356 

Disorders o f  t h e  Process o f  F e r t i l i z a t i o n  

The egg material taken from a female f r o g  which had been i s o l a t e d  f o r  
s eve ra l  weeks and k i l l e d  on March 14 was examined f o r  i r r e g u l a r i t i e s  i n  t h e  
process of  f e r t i l i z a t i o n .  
were f e r t i l i z e d  on March 16. 
began t o  c leave i n  a completely r egu la r  manner. 
showed an i n d i c a t i o n  o f  d i so rde r s  of  t h e  normal process  upon magnif icat ion 
with a magnifying g l a s s .  
appeared unusual,  i r r e g u l a r  grooves which l e d  no t  t o  a symmetrical diss_ection 
of  t he  yolk but  only t o  a demarcation of  smaller and l a r g e r  f i e l d s  @ l a t e  16, 
Fig. 32-35). In  a word, t h e  p i c t u r e s  developed which have a l ready  been-more 
p r e c i s e l y  descr ibed by Born [4] and f r which he introduced t h e  name baroque 
cleavage. Twenty-five eggs which showed devia t ions  from t h e  normal f e r t i l i -  
za t ion  p a t t e r n ,  were immediately i s o l a t e d  i n  numbered watch g l a s ses  and the  
condi t ion of  each was quickly recorded. 

The eggs remained two more days i n  t h e  u t e rus  and 
Four hours a f t e r  f e r t i l i z a t i o n  t h e  major i ty  

However, a smaller po r t ion  

On t h e  black pigmented h a l f  of theegg the re  

* 

Even with t h i s  small s tock  it codld be e s t ab l i shed  t h a t  some charac te r -  
i s t i c  s ta tes  recur red  more f requent ly '  
abnormally cleaving eggs may be d is t inguished  f o r  t h e  time being. 

Accordingly, a t  least two groups of 

In  one group 
ha1 f o f  I the- egg ,-- 
s t a r t i n g  p o i n t  f o r  branches g 

ra l  main furrows appeared i n  t h e  black 
e t  i n  one p lace  and again formed t h e  

he meeting o f  



-I_ _̂_Ix -__-------- --xr_- I-.-" - -1 - x ---I_- l(l----.-- .. 
- seve ra l  furrows marked o f f  s eve ra l  smil ler ,  irregular f i e l d s  on t h e  animal 

ace o f  t h e  egg, fr furrows extended 
e vegeta t ive  pole .  
alf of t h e  egg i n t  

cond group of  eggs 
o f  a r i n g  shaped 

sometimes l a r g e r  c i r c u l a r  f i  
appearance, t h e  furrow probably passes  completely through t h e  yolk mass, it 
c u t s  o f f  a smaller d i s c  from t h e  egg which is  s i t u a t e d  on t h e  animal pole  
and perches on t h e  much l a r g e r  remaining po r t ion  l i k e  a c a l o t t e .  
r a d i a l  furrows extend from t h e  c i r c u l  r furrow toward t h e  vege ta t ive  pole  
and d i s s e c t  t h e  remaining egg mass. 

Soon af ter ,  

The eggs which were thus i r r e g u l  r l y  cleaved i n  d i f f e r e n t  manner were 
f u r t h e r  cu l tu red  i n  t h e i r  small conta iners  f o r  s eve ra l  days. 
d iv i s ion  i n t o  small ce l l s  had taken p l ace  t h e  l a r g e r  po r t ion  of  them stopped 
i n  t h e i r  development and t o  me appeared t o  show s igns  of dying i n  t h a t  a 
grayish white coa t ing  formed e vege ta t ive  po le .  The remaining eggs 
entered t h e  g a s t r u l a  s t a g e .  edu l l a ry  fo lds  a rose  i n  r egu la r  fashion on 
t h e  f o u r t h  day after f e r t i l i z a t i o n .  Accordingly, an apparent ly  normal 
development had s t i l l  come about i n  t h e s e  cases. Almost a l l  of  t hese  eggs 
belonged t o  t h e  second group. 
ex tens ive  i n v e s t i g a t i o n  d i r e c t e d  espe 
d e f i n i t e  r e l a t i o n s h i p  o r  only a coinc 
i n t e r e s t  s ince  t h e  abnormal f e r t i l i z a  
by polyspermy and because t h e  d i f f e r  
depend on whether two, t h r e e ,  o r  mor permatozoa have penet ra ted  i n t o  t h e  
yolk and i n  what number they have co 
remained i n  t h e  yolk i s o l a t e d  by themselves. 
p lace  here ,  we may conclude first,  from the  inves t iga t ions  of Born [4] 
concerning polyspermy and Baroque cleavage i n  amphibian eggs,  and f u r t h e r ,  
e s p e c a i l l y  from t h e  abnormal f e r t i l i z  
Echinoderm eggs observed by Fol [17],  b ro the r ,  and myself [23,  271. 

After f u r t h e r  

~ 

I t  should be poss ib l e  t o  decide by a more 
a l l y  t o  t h i s  problem whether t h i s  is 

would not  be without 
could have been caused only 

v a r i a t i o n s  of Baroque cleavage w i l l  

ned with t h e  egg nucleus o r  have 
That such events  must t ake  

ion  and cleavage processes  of  

/ 3 5 8  2.  Monstrous Development i n  Eggs i n  - 
t h e  Yolk Remain Undivided.'TPlat . -  - 

A l a r g e r  number of  f rog  eggs were: divided i n t o  a series of s ec t ions  - -  .__"_ 

which presented  r a t h e r  peculbar  and s u r p r i s i n g  appearance. 
t he  yolk,  o r  only h a l f  o r  a s t i l l  smal le rq_or t ion  was not  divided i n t o  ce l l s ,  

sometimes even i n  t h e  form o In a l l  these  
cases t h e  yolk remaining unc d i t s  cha rac t e r .  I t  was 
permeated by numerous smaller and i c h  were f i l l e d  with a 
clear f l u i d  and o f t e n  l a y  s o  c lose  toge the r  t h a t  they  were separa ted  from 
one another  only by t h i n  s e p t a  l i k e  t h e  bubbles of  l a t h e r  [Figs.  23, 27  v a . ) .  
Often even l a r g e r  and then i r r e g u l  ontoured vacuoles had been formed 
by t h e  t h i n  sep ta  breaking down be seve ra l  vacuoles (Fig. 21 va ) .  
Moreover, numerous small bubbles appeared i n  t h e  a1 which were 

The main mass of 

i while t h e  remainder cons i s t e  had- -aman g e d t h  ems e 1 ve s 

4 



covered with a dark pigment and a t  tinfes a l s o  showed rad ia t ion  i n  t h e i r  
- environment (Fig. 23 p ) .  I do not  h e s i t a t e  t o  consider them as nuc le i  stem- 

numerous spermatozo 
ion  of  t h e  sperm nu 
e observat ion o f  i n  

t r a t e d  i n t o  t h e  egg o r  poss ib ly  a l s o  
confirmed i n  t h i s  opinion g a r t i c u l -  

l a t e d  c e l l s  i n  the  yolk which was 
permeated with vacuoles.  How ese  only i n  some cases 
2 2 ,  24, 27z ' ) ,  while they wer rs. Fig.  25 shows such 
( z ' )  a t  somewhat higher  magnification. 

* a r e a  i s  surrounded by a covering o f  yolk substance which i s  sharp ly  s e t  o f f  
by a smooth contour from the  remaining vacuole-containing yolk a l l  around. 
Sometimes seve ra l  cells occur toge ther  i n  one group (Fig. 212') .  

A nucleus s i t u a t e d  i n  a pigmented 

On t h e  animal su r face  o f  t h i s  pecu l i a r ly  a l t e r e d  egg a cleavage process 
occurred sometimes i n  l e s s e r ,  sometimes i n  g r e a t e r  ex ten t ;  it had given r i s e  
t o  a l a y e r  of  small embryonic, p a r t i a l l y  pigmented cells ,  which r e s t  on t h e  
vacuole-containing yolk i n  a manner comparable t o  t h e  germinal d i s c  o f  a 
meroblast ic  egg. I came across  a very small degree of  cell  formation i n  
the  case of  egg a '  (Fig. 23). Here, near ly  one-fourth of  t he  sur face  of  
t he  yolk was covered by a simp a11 cubic  cells. On t h e  p e r i -  
phery o f  t he  d i s c  the  sur face  divided by furrows i n t o  small 
f i e l d s  which contained nuc le i  bu t  were s t i l l  connected t o  the  remaining 
yolk mass. Also, a small group of  c e l l s  had formed on t h i s  ob jec t  a t  some 
d is tance  from the  main d i s c .  

In  two o the r  eggs (Fig. 2 1  and 22) a d i s c  t R t o  f i v e  cells th i ck  had 
been formed through p a r t i a l ,  i r regular '  c leava n one case (Fig. 21) a 
s o r t  of  cleavage cavityi*(@) l ay  beneath t h e  
the  o r i g i n  of  which I cannot make any d e f i n i t e  s ta tement .  
t h a t  it may be formed by t h e  fusion o f  many indiv idua l  vacuoles should be 
kept i n  mind. 
t a t i v e  h a l f  cons i s t s  of  undivided yolk mass while t h e  animal h a l f  has separa- 
t ed  i n t o  cells. I n  Fig. 2 1 ,  groups o f  small cells ( z ' )  f u r t h e r  deserve 
spec ia l  a t t e n t i o n  i n  addi t ion  t o  completely i s o l a t e d  c e l l s  which are found 
s c a t t e r e d  i n  the  vacuole-containing yolk.  

c, a l a rge  hollow space about 
The p o s s i b i l i t y  

The e n t i r e  egg may be oms ide red  as a blastoderm whose vege- 

/35/9 

If we quest ion t h e  o r i g i n  of  t h e  monstrous forms which protrude s o  
completely from the  bounds of t he  nor 1 process of  development of  amphi- 
bian eggs, then I f o r  one do not  doubt f o r  a moment t h a t  they have been 
produced by polyspermy. According t o  my f ind ings ,  t h e  e n t i r e  process may 
take p lace  i n  the  following manner. The e x c i t a b i l i t y  of  t he  protoplasm of 
the  eggs was reduced as a r e s u l t  o f  overr ipeness  and o the r  i n ju r ious  
inf luences .  The consequence was po1ys;permy. The sperm nuc le i ,  which pene- 
t r a t e d  i n  g r e a t e r  number and o f  which perhaps one o r  severa l  have fused with 
the  egg nucleus,  produced baroque cleavage a t  the  animal pole  o f  t he  egg, 
s ince  g r e a t e r  amounts of protoplasm hqve accumulated the re .  Corresponding /360 
t o  the  mult i tude o f  nuc le i ,  t he  cor tex  of  t he  egg divided s i m i l a r l y  i n t o  
severa l  i r r e g u l a r  f i e l d s  as described above. With f u r t h e r  increase  of  t h e  
nuc le i  t hese  f i e l d s  are then divided 
l y  cu t  o f f  from t h e  underlying yolk 

o smal le r  f i e l d s  which are subsequent- 
transformed i n t o  embryonic c e l l s .  
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In  t h e  vege ta t ive  h a l f  o 
because i n  t h i s  h a l f ,  because 

- l e s s e r  amount and with t h e  dam 
forces  f o r  t h e  prepara t ion  o 
Thus, through pa thologica l  co t i o n  is  crea ted  here  similar 
t o  t h a t  which normally exists 
of t h e  yolk mass has sepa ra t  
protoplasm, and a non-par t ic ipa t ing  por t ion  lower i n  protoplasm. Only as 
an exception here  and t h e r e  has some yolk mass ever  surrounded a sperm 
nucleus and separa ted  as an independe t c e l l  from t h e  remaining mass. 

is  no dec is ive  cell  formation 
s m  which is present  only i n  a 

t t e r ,  t o  some exten t  t h e  poving 
eavage are too  i n s i g n i f i c a n t .  

eggs where t h e  excessive growth 
n t o  a d i v i s i b l e  por t ion  r i c h  i n  - 

How the  vacuoles i n  the  u n f e r t i l  zed po r t ion  o f  the  yolk come i n t o  
being remained unclear  t o  me s ince  I had not  s p e c i a l l y  d i r ec t ed  my i n v e s t i -  
gat ion t o  t h i s  quest ion.  Two p o s s i b i l i t i e s  should be considered. F i r s t ,  
t he  vacuoles might form by l i que fac t ion  of  t h e  yolk and might be connected 

a l s o  have been produced by sperm nuc le i  which have mul t ip l ied  by d iv i s ion  
and subsequently transformed i n t o  l a  
and i n  t h e  process have a l s o  entered 

' with d i s i n t e g r a t i o n  o f  t he  same. On t h e  o the r  hand, however, they might 

bubbles by tak ing  i n  nuc lear  sap 
on wi th /  one another .  - - ~  

In  the  case of pa thologica l  Echinoderm eggs, I o f t en  observed [23] such 
swel l ing of  small nuc le i  t o  l a rge  bubbles, and fus ion  of t h e  same. Whether 
t he  f irst  o r  the  second mode o f  formation occurs should be decided by an 
inves t iga t ion  d i r ec t ed  e spec ia l ly  t o  t h i s  queStion. 

Roux [61] has observed vacuoles and nuc le i  he non-furrowed yolk of  
f rogs eggs when he destroyed one of  t h e  f irst  two blastomeres by p i e rc ing  it 
with a heated needle .  
the  t r e a t e d  c e l l  and "often l i e  so  t h i c k  t h a t  i n  c ross -sec t iona l  view they 
a re  separa ted  from another i n  p laces  only by a f i n e  protoplasmic thread,  
and sometimes only ves t iges  of t hese  s t r u c t u r e s  remain which, considered 
bodi ly ,  represent  cleavage membranes s o  t h a t  communication o r  fusion o f  t he  
vacuoles becomes r e a d i l y  apparent". Moreover, Roux s t i l l  found nuc le i  i n  
t he  vacuole-containing yolk which he t t r i b u t e d  t o  the  cleavage nucleus of  
t he  t r e a t e d  blastomere.  In  t h i s  case then, t h e  nucleus would have p a r t i a l l y  
mul t ip l ied  while t he  yolk could no longer  r e a c t  because o f  t he  damage from 
pierc ing .  

After some time the  vacuoles appear i n  t h e  yolk o f  
J361 

On t h i s  occasion, Roux also ment ons r e s u l t s  similar t o  those which I 
have j u s t  reported.  "Towards t h e  end of  t h e  spawning per iod i n  f rogs  
p a r t i a l  development o f  t h e  egg occurs sometimes without an operat ion.  
s eve ra l  such eggs," he wr i t e s ,  "only t h r e e  o r  four c e l l s  were present  t h a t  
had t h e  na ture  of  c e l l s  i n  t h e  t r a n s i t i o n  s t age  from the  morula t o  the  
b l a s t u l a  state,  while t h e  e n t i r e  remaining egg mass was not  organized i n t o  
c e l l s  but  r a t h e r ,  was permeated i n  p laces  with t h e  forms of  abnormal nuc le i  
descr ibed above and i n  l a r g e  sec t ions  a l s o  with young, normal appearing 
nuc le i  i n  l a r g e  numbers. 
vacuolated i n  t h e  immediate v i c i n i t  
o f  nuc le i  therefrom cannot even be idered". Roux th inks  t h a t  mult i -  
nuc leos is  from polyspermy cannot be considered se though 

In  

Sometimes t h e  egg substance was s o  heavi ly  
t h e  few normal c e l l s  t h a t  a passage 
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it occas iona l ly  occurs towar n ing  per iod .  Rather,  he 

y normal d e r i v a t i v e s  view and maintain t h a t  
i a r  complex of pheno 
which reminds one o ge, t h e  occurrence of  nuc le i  

and, here  and t h e r e ,  o f  i s o l a  vacuole-containing yolk,  is  
caused e r i t i r e ly  by polyspermy 

P a r t i a l l y  divided eggs a 

I assumes t h a t  t h e  cleavage nuc abnormal , and p a r t l y  

e cleavage, p a r t i a l  cell  

development e s p e c i a l l y  i f  

i t e d ' i n  a r egu la r  fash ion  t o  form germ 
only h a l f  o r  only a t h i r d  of  t h e  yolk has remained undivided. 
I found eggs i n  which t h e  cells had 
l aye r s ,  and i n  which even a kind of  s t r u l a t i o n  had taken p lace ;  and 
f i n a l l y  a l s o  eggs i n  which t h e r e  was formation o f  t h e  chord and medullary 
p l a t e  (Figs.  24, 26, 27).  

Among my stock 

A pa thologica l  g a s t r u l a  i s  p ic tu red  i n  Fig.  24. 
transformed i n t o  a vacuole-containing yolk mass which i n  one p lace ,  where 
it j o i n s  t h e  c e l l u l a r  po r t ion ,  a l s o  encloses  nuc le i  and i s o l a t e d  cel ls .  
o t h e r  h a l f  which is  divided i n t o  cel ls  i s  separa ted  by a clear l i n e  of 
demarcation from t h e  po r t ion  of t h e  egg which has remained undeveloped. 
resembles a small g a s t r u l a .  On one s i d e  of  t h e  archenteron l i e s  a con- 
spicuous band o f  l a r g e  yolk cel ls ;  t h e  oppos i te  wall i s  t h i n  and i s  composed 
of  small pigmented cel ls  which are arranged i n  two l aye r s  and pass  over 
each o t h e r  by tu rn ing  over a t  t h e  l i p  of  t he  b las topore .  

One h a l f  o f  t h e  egg is  

The 

I t  

Eggs a12 and a'' provided me  with two pecul  r malformations i n  which 

/362 

about h a l f  o f  t h e  substance remained undeveloped (Fig.  26, 27).  
eggs, i n  t h e  middle between vacuole-containing yolk mass and t h e  c e l l u l a r  
h a l f  t h e r e  was a l a r g e  hollow space ( fh)  which I t ake  t o  be t h e  remainder 
o f  t h e  cleavage cav i ty .  In  Fig.  27, t h e  c e l l u l a r  po r t ion  conceals a small 
invagina t ion  cav i ty ,  t h e  p r imi t ive  d iges t ive  t r ac t  (ud). To t h e  l e f t ,  a 
c l u s t e r  of l a r g e  yolk ce l l s  form i t s  border ,  t o  t h e  r i g h t  and downwards a 
mass of small pigmented cells separa ted  i n t o  seve ra l  germinal l aye r s .  On 
t h i s  mass, a t h i n  depos i t  o f  cells is  c l e a r l y  marked o f f  as ectoderm. Where 
t h e  ectoderm changes i n t o  t h e  cel l  l a y e r  l i n i n g  t h e  p r imi t ive  d iges t ive  
t rac t ,  it i s  considerably thickened and translformed i n t o  a s t r u c t u r e  (mp) 
which i s  decept ive ly  similar t o  t h e  c ross -sec t ion  o f  a medullary p l a t e .  
Since i n  t h e  following chapter  w e  w i l l  become acquainted with malformed 
f r o g ' s  eggs i n  which t h e  nervous system a t t aches  i t s e l f  i n  a corresponding 
manner t o  t h e  l i p  of t h e  blastopore(compare Figs .  8, 9 ,  15, 16 i n  Plate 17) ,  
I do not  h e s i t a t e  t o  i n d i c a t e  as medullary p l a t e  t h e  po r t ion  designated by 
(mp). 
p a r t i a l l y  by a l i n e  of  demarcation from the  undivided remainder of  t h e  egg; 
t o  t h e  l e f t  a t h i n  cel lular  lamella passes  over  i n t o  t h e  vacuole containing 
yolk,  which here  a l s o  r ep resen t s  only a t h i n  l a y e r  and promotes c losure  of  
t he  cleavage c a v i t y  (fh) mentioned ab 

In  both 

To t h e  r i g h t ,  t h e  g a s t r u l a  i s  separa ted  p a r t i a l l y  by a f i s s u r e  and 

/363 - 
On t h e  s i d e  t h a t  i s  turned upward, Fig.  26 shows a conspicuous vacuole- 

containing yolk mass, below it a ce 
Between t h e  two t h e r e  is a spacious cleavage cav i ty  (fh 

ar embryo divided i n t o  two l aye r s .  
a1 1 



--- 
around. On t h e  r i g h t  hand, ag ace where t h e  c e l l u l a r  po r t ion  
grades i n t o  t h e  vacuole-contai  a small invaginat ion (ud) has 

o u t e r  l a y e r  transforms i n t o  t h e  
inne r  l a y e r  and has thickened t h e  case previous ly  c i t e d ,  t o  
form a medullary p l a t e  (mp) , is  only s l i g h t l y  curved 
inward t o  form a groove. 
t h e  c e l l u l a r  embryo and t h e  
connection with each o the r .  

-formed. A t  t h e  l i p  of  t h e  b l  

Bot d l e f t  of  t h e  cleavage cav i ty ,  
o f  t h e  yolk s t and  i n  d i r e c t  

S imi la r  r e s u l t s  were f u r t h e r  obtained i n  a series of  s ec t ions  through 
seve ra l  eggs. 

F ina l ly ,  I a l s o  came across  eggs i n  which t h e  layout  of  t h e  chord and 
p r imi t ive  segments could be more o r  less c l e a r l y  de tec ted  alongside an 
undivided, genera l ly  smaller, yolk res idue .  However, t h e  inves t iga t ion  of  
a l l  t h e s e  pa thologica l  eggs i s  at tended by d i f f i c u l t i e s  because very l i t t l e  
can be seen on t h e  eggs ex te rna l ly ,  and the re fo re  t h e  d i r e c t i o n  i n  which t h e  
sec t ions  should b e s t  be made cannot be determined on embedding i n  p a r a f f i n .  

3 .  Disorders In t h e  Process of Gas t ru la t ion  Which Lead to  Defective Closure 
o f  t h e  Blastopore and Consequently t o  a Se r i e s  o f  Malformations 

Disorders i n  t h e  process  of  g a s t r u l a t i o n  can become t h e  cause of  q u i t e  
heterogeneous, abnormal condi t ions .  
matic order  it appears p r a c t i c a l  t o  d iv ide  t h  

In  t h e  h ighes t  degree of d i so rde r ,  t he  b 

In  order  t o  consider  t h e s e  i n  sys t e -  
o t h r e e  groups. 

s topore  remains open along i ts  
e n t i r e  length  a t  a time when t h e  medullary p l a t e ,  t h e  chord and seve ra l  
p r imi t ive  segments have a l ready  been formed i n  t h e  embryo. 
t h e r e  e x i s t  a l l  conceivable t r a n s i t i o n s  t o  lesser degrees of  d i sorder .  
f i n d s  malformed embryos i n  which only a p a r t  o f  t h e  head o r  t h e  e n t i r e  head, 
o r  i n  add i t ion  t o  i t  a g r e a t e r  o r  lesser neighboring sec t ion  of  t h e  t o r s o  
have developed i n  a normal fash ion ,  bu t  were on t h e  dorsum a corresponding 
l a rge  p a r t  o f  t he  b las topore  i n  f r o n t  of t h e  caudal end has  remained open. 
Consequently, a sometimes l a r g e r ,  sometimes smaller po r t ion  of t h e  yolk is  
c l e a r l y  v i s i b l e  and protrudes t o  t h e  outs ide  l i k e  a kind of  yolk plug 
similar t o  a Ruskomian anus. 

From t h i s  po in t  
One 
- /364 

Fina l ly ,  i n  a t h i r d  group, I p l a  e the  least conspicuous d i so rde r s  i n  
Here, t h e  e n t i r e  do r sa l  region of t h e  t h e  c losure  of  t h e  b las topore .  

embryo i s  well-developed and separa ted  i n t o  nerve tube ,  chord and p r imi t ive  
segments. 
p resent  i n  i t s  first rudiment, t h e r e  is  a sometimes r a t h e r  wide, sometimes 
small opening through which t h e  n u t r i e n t  yolk can s t i l l  be seen from t h e  
ou t s ide .  Where t h e  t a i l  i s  missing t h e  b las topore  l ies exac t ly  a t  t h e  rear 
end o f  t h e  embryo, has  developed t o  t h e  same degree as t h e  t a i l ,  and is  
s h i f t e d  v e n t r a l l y  and forward. 

However, beneath t h e  p lace  where t h e  t a i l -bud  forms o r  i s  a l ready  

8 



lengthened i n  one d i r e c t i o n  an 
e eggs t o  some ex ten t  
d throughout on one 
o t h e r  s i d e  (P la t e  16, 
i t u d i n a l  inward 
y smooth, bu t  more 
d furrows seve ra l  

comparable t o  
cerebra l  convolutions.  

1 _ -  which are _without any _further s i h i f i c a n c e  f o r  t h e  ._development processes .  
Aside from t h i s ,  an organ rudiment can f r equen t ly ' be  faq& on t h e  
forward end of  t h e  brown s i d e  which t h e  f rog  embryo forms only; s o m e j  
time a f t e r  t h e  s ta r t  of  t h e  g 
d isk  (Fig. 3h) with which t h e  a t t a c h  themselves t o  water 
p l a n t s .  
e p i t h e l i a l  bulges which are roughly somewhat comparable t o  a horse shoe i n  
shape. Thus, t h e  brown s i d e  presents  i t se l f  as t h e  v e n t r a l  s i d e  of  t h e  
f u t u r e  embryo and i t s  head and t a i l  end can a l ready  be d is t inguished  by t h e  
p o s i t i o n  of  t h e  adhesive d i sk .  

These are pa thologica l  p r o l i f e r a t i o n s  of  t h e  ectoderm 

/365 
ss. I t  i s  t h e  brown adhesive 

The adhesive d i sk  i s  an indenta t ion  o f  t h e  epidermis surrounded by 

Therefore,  t h e  non-pigmented s i d e  corresgonds t o  t h e  dorsum which i n  
our malformation p resen t s  a p e c u l i a r  appearance. 
i s  divided i n t o  l a r g e  cel ls ,  l ies exposed (Fig. 1, 2 ,  4-7) and forms a 
nodule p ro jec t ing  now more, now less t o  the  ou t s ide  (Fig. 4-5d). This nodule 
i s  surrounded on a l l  s i d e s  by a brown pigmented e l eva t ion  (ur) which is  
formed by t h e  spreading of  t he  i d e n t i c a l l y  colored v e n t r a l  s i d e ,  t o  t h e  
dorsa l  s i d e .  
r a t h e r  sharp l i n e .  
with some p r a c t i c e .  
marginal bulge,  a deep inden ta t ion  e x i s t s  which represents  a t r ansve r se  
fissure (Fig. 1, 2,  6 ,  7 kd) .  A s  t h e  c ross -sec t ions  w i l l  show l a t e r  on, it 
corresponds t o  a p a r t  o f  t h e  g a s t r u l a  invagina t ion .  The f i e l d  s i t u a t e d  
between it and t h e  marginal bulge a l s o  s t i l l  shows a t i nge  of brown pigmenta- 
t i o n .  The p o s t e r i o r  end, however, i s  d is t inguished  by t h e  brown marginal 
e l eva t ion  being thickened i n t o  two humps (Fig.  1-7 s k )  which are separa ted  
from t h e  yolk mass by a deep indenta t ion .  
a l ready  designate  as t a i l  buds accord 
t e d  from one another  i n  t h e  median p l  e by an inden ta t ion  (Fig. 1 a r ) ,  i n  
between which a small ce l l  mass e n t e r s ,  t h a t  can be l abe led  an in te rmedia te  
p a r t  and f requent ly  causes a small prominence on t h e  p o s t e r i o r  end. 
Expecial ly  i n  la ter  s t a g e s ,  t h e  intermediate  p a r t  can be observed more 
c l e a r l y  (Fig. 9-11, 13, 14, 19 ) ,  it has a groove ( a r )  which is  r e l a t e d  t o  
the  development of t h e  anus and can 

The yolk mass (d) ,  which 

The bulge i s  cont ras ted  aga ins t  t h e  b r i g h t e r  yolk mass by a 
Here too ,  t h e  head and t a i l  ends can be d is t inguished  

On t h e  former, a t  a small d i s t ance  from t h e  brown 

The two humps, which I s h a l l  
g t o  t h e i r  fu tu re  des t iny ,  are separa-  

r e fo re  be labe led  as t h e  ana l  groove. 



i 

Nothing more can be learned by i f ives t iga t ion  o f  t h e  embryo as a whole. 
. Upon prepara t ion  of c ross -sec t  i t t a l  and f r o n t a l  s e c t i o n s ,  one i s  

~ a l l  t h e  more su rp r i sed  t o  f i n  
medullary f o l d s ,  chord, middle germinal l aye r ,  p r imi t ive  segments and so 

&e o f  i n n e r  organiza t ion  -T 

f o r t h .  

I n  our d iscuss ion  we b e s t  s tart  with a c ross -sec t ion  through t h e  cen te r  
of  t h e  malformed embryo (P la t e  17, Fig.  2 ) .  This shows immediately t h a t  
a l l  t h r e e  germ l a y e r s  have a l ready  been formed. 
t rudes  outward as a hump and r ep resen t s  t h e  i n n e r  germ l aye r ,  is  covered 
v e n t r a l l y  by two cel l  l aye r s  t h a t  a r e  separa ted  by a cleavage space, 
1) by a t h i n  o u t e r  germ l aye r ,  which 
anurae and i s  most darkly pigmented, 
somewhat less pigmented, middle germ 
ce l l  l aye r s .  Toward t h e  dorsum of  t h  malformation t h e  o u t e r  and middle 
germ l a y e r  terminate  i n  the  brown colored bulge mentioned above which 
surrounds t h e  yolk,knob-like - . ~ _  a r i n g  when examined from the  su r face  (P la te  
16, Fig. 6 u r ) .  

The yolk mass which pro- 

ossesses  the\ known- 
nd 2) by a consider  
ayer  (mk) which con 

I n  t h e  c ross -sec t ion ,  t h e  b , Fig. 6 ur)  shows a complex 
s t r u c t u r e  (P la t e  17, Fig.  2 ) .  I t  cons i s t s  of  a t h i c k e r  p l a t e  (mp), which 
is  curved toge ther  t o  form a shallow groove t 
s t r u c t u r e  it corresponds t o  t h e  medullary f o l  
t h a t  it i s  b u i l t  up of  s eve ra l  e longated,  s p i  
s t r a t i f i e d  one upon another .  According1 h a l f  of a normal 
sp ina l  cord rudiment o r  h a l f  a medullary Plate 17, Fig.  3, 
6 ,  7 ,  10-12, 18, 22 mp). On t h e  o u t e r  edge t h e  medullary p l a t e ,  by tu rn ing  
over , t ransforms i n t o  t h e  t h i n  epidermis;  toward t h e  inne r  edge it becomes 
l ikewise  th inne r  and changes i t s  h i s t o l o g i c  charac te r ,  i n  t h a t  t h e  cells 
become somewhat l a r g e r  and less pigmented (Fig. 2 ,  3,  10, 12 ,  18, 22 v ) .  
Through t h i s  t h i n  connecting p i ece  (v) i t  i s  continuously connected with t h e  
yolk mass. 

ward. In  its 
a1 f rog  embryo i n  
ce 11s which are 

Second, t h e  bulge includes on each s i d e  t h e  sec t ion  o f  a round c e l l u l a r  
cord which is sharp ly  ou t l ined  on a l l  i des  and corresponds i n  i t s  s t r u c t u r e  
t o  an embryonic chord. Because, as 1 g i tud ina l  s ec t ions  through t h e  l a t t e r  
show (Fig. 20 and 2 1  ch) i t  is  b u i l t  up-Gf t h e  known, disk-shaped cel ls  
which are s t r a t i f i e d  one upon another  l i k e  co ins .  The chord i s  loca ted  
somewhat medially from t h e  b r i g h t  medullary p l a t e ,  exac t ly  beneath t h e  
connecting p i ece  (v) ,  which c o n s t i t a t e s  t h e  t r a n s i t i o n  t o  t h e  yolk mass. 

/367 - _ - -  

The middle germ l a y e r  (mk) f i n a l l y  ensues beneath t h e  chord and medul- 
l a r y  p l a t e .  I t  i s  widest  here  and gradual ly  narrows v e n t r a l l y .  

During examination of  a series o c ross -sec t ions  t h e  ind iv idua l  p i c t u r e s  
change only s l i g h t l y .  
s t ronger ;  and conversely somewhat w r toward t h e  rear. A t  t h e  t a i l  end 
f i n a l l y ,  t h e  medullary p l a t e ,  chord d middle germ l a y e r  can no longer be 
d is t inguished .  They disappear  he re  o a more homogeneous mass of small, 
pigmented cel ls  which produce a bulge on e i t h e r  s i d e  on the  p o s t e r i o  

Toward t h e  f r o n t  t h e  chord gene ra l ly  becomes somewhat 

"I ~ 
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1-- which, during examination of  t h e  surface (Plate 16 s k ) ,  was 
a l ready  descr ibed as t h e  t a i l  

su r f ace  r e l a t i o n s  be 
mewhat depending on 

~ manner which does n o t  always 
Sometimes the  yolk i s  r a i s e d  
(Fig. 2 ,  6 ,  11, 22); sometimes it terminates  a t  t he  same l e v e l  (Fig.  10, 18),  
o r  even shows a t rough- l ike  depression on t h e  a n t e r i o r  and p o s t e r i o r  ends 
above which, i nve r se ly ,  t h e  marginal l eva t ion  now rises somewhat f u r t h e r  
(Fig. 3 ) .  

a1 bulge and yolk f requent ly  
egion o f  t h e  body, bu t  
f o r  t h e  ind iv idua l  emb 
igh  above t h e  marginal bulge 

With a l l  malformations t h a t  were sec t ioned ,  t h e  middle germ l a y e r  
Thei r  number a l ready  r evea l s  an organiza t ion  i n t o  p r imi t ive  segments. 

appeared t o  amount t o  10 t o  1 2  p a i r s ,  depending on t h e  more o r  less advanced 
s t a t e  o f  development. 
which have cu t  t h e  chord o r  t h e  medullary p l a t e ,  as i n  t h e  s a g i t t a l  s ec t ion  
through a marginal bulge of t h e  malformation o f  B a .  (P l a t e  16, Fig.  5;  P l a t e  
17 ,  Fig.  2 0 ) .  Beneath t h e  chord whi t up of  disk-shaped cells 
(P la t e  1 7 ,  20 ch) l i e  fou r  p r imi t ive  (us) sharp ly  separa ted  from 
one another  which have been cons t r i c t ed  from t h e  remaining po r t ion  of  t h e  
middle germ l a y e r  o r  from t h e  lateral  lamina. 
are v i s i b l e  i n  the  s a g i t t a l  s e c t i o n  (P la t e  1 2 ,  Fig.  19) which c u t s  through 
the  h a l f  medullary p l a t e  (mp) o f  embryo J3 ( P l a t  

They can b e s t  be d is t inguished  on s a g i t t a l  s ec t ions  

Five p r imi t ive  segments (us) 
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I t  now remains t o  examine t h e  condi t ion a t  a i l  ends of t h e  
embryo more c lose ly .  
sec t ioned  embryos t h e  p i c t u r e s  tu rn  ou t  somewhat d i f f e r e n t .  

This i s  b e s t  done with s a g i t t a l  s ec t ions .  With t h e  

In  embryo E a  (P la te  16, Fig.  5;  Plate 1 7 ,  Fig.  8) a s t i l l  completely 
open ce reb ra l  p l a t e  (mp) has developed i n  t h e  head region.  I t  is  curved 
toge ther  t o  form a deep groove whose f r o n t  o r  o u t e r  edge transforms i n t o  
the  t h i n  horny l a y e r  while t h e  inne r  edge changes i n t o  t h e  yolk mass. A 
chord i s  lacking i n  t h e  median region bu t  appears l a t e r a l l y  a t  some d i s t ance  
therefrom. This may be seen on t h e  c ross -sec t ion  (P la t e  17, Fig. 11 ch) and 
on t h e  completely l a t e r a l l y  d i r ec t ed  s a g i t t a l  s e c t i o n  (Fig. 20 ch) .  I n  t h e  
embryo under s tudy any invagina t ion  is  lacking which might represent  t he  
first rudiment of  a cephal ic  duct cavi’ty. However, such an invagina t ion  
confronts  us i n  embryo J3,  even i f  only s l i g h t l y  de l inea ted  (P la te  16, Fig.  7 
Kd and Plate 17, Fig.  15 ) .  Behind t h e  curved-in, thickened cerebra l  p l a t e  
(mp) ensues a small hollow space (kd),  which has  formed by invaginat ion.  
The o r i f i c e  o f  t h i s  hollow space could a l ready  be observed i n  t h e  s tudy of  
t he  e n t i r e  embryo. Consequently, t he  i n n e r  edge o f  t h e  ce reb ra l  p l a t e  does 
not  change d i r e c t l y  i n t o  t h e  yolk mas4 as above, bu t  i n t o  a s i n g l e  l a y e r  of  
l a rge  yolk cel ls  which def ine  t h e  f r o n t  wall o f  t h e  cephal ic  duct c a v i t y  
and a t  t h e i r  base double over i n t o  t h e  compact yolk mass which c o n s t i t u t e s  
t h e  rear wall .  
i n  embryos M and B (P la t e  16, Fig.  nd 2) .  A s  shown by t h e  s a g i t t a l  
s ec t ions  (P la t e  17, Fig. 9 and 16 k i t  now extends downward no t  only t o  
the  base  of t h e  yolk mass i n  t h e  region o f  t h e  adhesive d isk(h)  bu 

The cephal ic  duct  cav i ty  is  developed s i g n i f i c a n t l y  f u r t h e r  

I -  
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I embryo M (P la t e  17, Fig.  9)  has a l s o  forced forward a p ro t rus ion  beneath t h e  
-I ce reb ra l  p l a t e  (mp). 

In  t h e  i n v e s t i g a t  of t h e  embryo w e  neve 
ch may be considered a 
e hind-gut (P la t e  16, 
I t  s epa ra t e s  t h e  yolk mass 

terminates  p o s t e r i o r l y  and between which the  intermediary cell  mass with 
t h e  anal  groove ( a r )  i s  i n s e r t e d  i n  t h e  medial plane (P la te  16, Fig.  1 a r ) .  
Each t a i l  bud (P la t e  17, 8, 9, 15, 16 sk )  p a r t i a l l y  e x h i b i t s  t h r e e  l a y e r s ,  
corresponding t o  t h e  t h r e e  germ l aye r s .  
pigmented ectoderm, 
yolk ce l l s  which form t h e  back w a l l  o f  t h e  p e l v i c  i n t e s t i n a l  cav i ty ,  

. 
/369 from both humps [ labe led  as t a i l  buds ( sk) ]  with which t h e  marginal bulge - 

1) toward t h e  outs ide  t h e  black 
2) toward t h e  i n s i d e  one o r  s eve ra l  l aye r s  of  l a rge  

_. 3) 
"--between both,  a t h i c k  l a y e r  of small, a l s o  black pigmented cel ls ,  o r  t h e  
. middle germ l aye r .  

i i n  a mass o a l l  cel ls  ~ i n t o  whick-4 small furrow frequently-- -, 

A t  t h e  end o f  t he  t a i l  bud a demarcation of  t h e  t h r e e  
l aye r s  from - one ano-they-is lask ing  over some d i s t ance .  i'lhey_m&rLe 

e i nden ta t ion ,  see Plate 17 ,  Fig.  9 and 15 between t h e  l i p  of 
t h e  b las topore  (u l )  and t h e  i n t e s t i n a l  f o l d  ( d l ) ) .  

Before tu rn ing  t o  t h e  desc r ip t ion  of  more developed embryos i t  appears 

how d i d  t h i s  rmal, p e c u l i a r  embryonic 

A 1  

advisable  first t o  dea l  more c l o s e l y  with t h e  ques t ion  which every reader  
w i l l  a l ready  have posed himself :  
form develop, and what i s  t h e  r e l a t i o n  of  i t s  d 
development of amphibians and ve r t eb ra t e s?  
never been i n  a p o s i t i o n  t o  f i n d  ear l ier  s t ages  of  development of t hese  m a l -  
formations among my s tock ,  I s t i l l  be l i eve  t h a t  some f a i r l y  r e l i a b l e  
conclusions may be drawn from t h e  f ind ings  repor ted .  

Without doubt, a completely d is turbed  g a s t r u l a t i o n  process  took p lace .  
The abnormal development must a l ready  have been not iceable  from t h e  b l a s t u l a  
s t age  on. 
gradual ly  becomes deeper i n  t h e  p lace ,  which w e ,  along with Gb'tte, l a b e l  as 
t h e  marginal zone, and i n  which t h e  animal, pigmented ce l l s  change i n t o  the  
l a r g e r ,  non-pigmented yolk ce l l s .  Following t h e  l i t t l e  sac which developed 
f i rs t ,  an ever  l a r g e r  po r t ion  of  t h e  vege ta t ive  h a l f  o f  t h e  blastoderm o r  
t h e  yolk mass gradual ly  comes t o  l i e  i n s i d e  of  t h e  double tube.  During t h i s  
process t h e  b las topore  c o n s t r i c t s  i n  corresponding degree t o  form a small 
hole ,  even before  t h e  medullary fo lds  are formed; then it c loses  completely. 
In  any event ,  t h i s  process  must here  have been a l t e r e d  completely and 
replaced by a d i f f e r e n t  mode which may, however, a l s o  be descr ibed as a form 
of  g a s t r u l a t i o n .  

Normally, an invagina t ion  develops from a small region which 
I '  
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I f e e l  t h a t  first t h e  blastoderm lengthens somewhat i n  one d i r e c t i o n  and 
f l a t t e n s  somewhat from t h e  do r sa l  su r f ace  t o  t h e  v e n t r a l  surface. Consequent- 
l y  t h e  b l a s t u l a  cav i ty  w i l l  d isappear  completely o r  p a r t i a l l y .  
f u t u r e  v e n t r a l  s i d e  of t h e  egg, and 
cel ls  form a covering l a y e r  which c 

Then, on t h e  
t t h e  compact yolk mass, t h e  animal 
t u t e s  t h e  o u t e r  germ l aye r .  

1 2  
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imultaneously t h e  marginal zone o r  t h e  p l ace  o f  t r a n s i t i o n  o f  t h e  
~ animal and t h e  vege ta t ive  cel 
- forward end of t h e  egg , then om he re  toward t h e  rear prer 

r o l i f e r a t i n g ,  a t  first on t h e  

i t s  f u l l  ex t en t .  I t  w i l l  be o a s o r t  of germinal r i ng ,  from 
which p r imar i ly  a l l  developme egin .  On t h e  l e f t  and r i g h t  
s i d e  o f  t h e  oval egg, cel l  m a  r d  from t h e  germinal r i n g  be- 
tween t h e  yolk and o u t e r  germinal l a y e r  and produce t h e  middle germ l aye r .  
If w e  v i s u a l i z e  t h i s  process  as fo ld ing  i n ,  then w e  ob ta in  a r e s u l t  represent  
ed i n  t h e  diagram i n  Plate  20, Fig. 17.  By fo ld ing  i n  a t  t h e  marginal zone 
a l i t t l e  sac developed whose v i s c e r a l  germ l a y e r  i s  connected with t h e  yolk 
mass while t h e  p a r i e t a l  germ l a y e r  is  transformed i n t o  t h e  ou te r  germ l aye r .  
I s h a l l  continue t o  l a b e l  t he  ou te r  t r a n s i t i o n  margin as t h e  b las topore  l i p .  
An important organ rudiment forms on i t .  Here, t h e  ectoderm cells grow 

b i -_ considerably i n  length  and combine t o  a somewhat curved-in medullary p l a t e  
i n  (mp), which however, i s  equivalent  t o  only h a l f  of a normal s p i n a l  cord 

rudiment. 

- 

In  t h e  f u r t h e r  course of  develop mall sac c loses  along t h e  
l i p  of t he  b las topore  (P la t e  20, Fig.  t h i s  way t h e  inner  margin of  
t h e  medullary p l a t e  comes d i r e c t l y  i n t o  connection with\  t h e  yolk mass through 
an in te rmedia te  c e l l  mass (v).  Subsequently t h e  small sac- with i t s  p a r i e t a l  
and v i s c e r a l  l a y e r  detaches i t s e l f  from t h e  medullary p l a t e  and t h e  yolk mass. 
In  s o  doing t h e  chord appears as a new organ from the  band of ce l l s  which 
i s  labe led  eh i n  Fig.  17. Thus t h e  s ta te  of  org  a t i o n  e x i s t i g g  i n  our  /371 
malformations, i s  brought about along t h e  marg ulge _by: in te r -ac t ion  o f  
fus ion  and separa t ion  processes .  If one compa he processes ,  as I have 
presupposed them here ,  with t h e  normal processes  of  development o f  a f r o g ' s  
egg, as they have been expressed i n  the  schematic f i g u r e s  19 and 20 i n  
Plate 20, then  one w i l l  e a s i l y  f i n d  t h a t  they are e s s e n t i a l l y  t h e  same and 
a l s o  lead  t o  e s s e n t i a l l y  t h e  same r e s u l t s .  
ferences caused by t h e  loca t ion .  
manner near  the median plane o f  t h e  dorsum t ake  p l ace  here  i n  t h e  s i d e  
region of t h e  embryo a t  t h e  p l ace  of  t r a n s i t i o n  of  t h e  animal i n t o  t h e  
vege ta t ive  h a l f  o f  t h e  b l a s t u l a ,  a long Got te ' s  marginal zone o r  along t h e  
germinal r i n g .  

One must only d is regard  d i f -  
Processes which t ake  p l ace  i n  a normal 

I 

A q u i t e  obvious displacement i n  the temporal series of  t h e  ind iv idua l  
development processes  is most i n t ima te ly  connected with t h e  misplacement of  
t h e  regions i n  which t h e  nervous system, chord and p r imi t ive  segment are 
first rudimental ly  developed. 
f irst  completely transformed i n t o  a g a s t r u l a ;  it becomes double layered over  
its e n t i r e  su r face .  
The medullary p l a t e  forms as a uniform, undivided rudiment i n  a region of  
smooth su r face  a t  a considerable  d i s t ance  from t h e  remainder of t h e  b l a s to -  
pore only a f t e r  t h e  g a s t r u l a t i o n  process is concluded. I n  a l l  of  our  m a l -  
formations,  on t h e  o the r  hand, t h e  r u l a t i o n  process  has stopped i n  i t s  
first beginnings.  Only t h e  v e n t r a l  
covered by t h e  o u t e r  germ l a y e r  whi 

Normally t h e  blastoderm of  amphibians i s  

The b las topore  is  cons t r i c t ed  t o  a very small s l i t .  

la teral  w a l l  o f  t h e  embryo is  
e yolk mass o r  the inne r  germ l a y e r  



i s  exposed over  t h e  e n t i r e  do 

i s t i c  of  ve r t eb ra t e s  (formati  d and s p i n a l  cord) sets 
causing t h e  pronounced l o c a l  

n s p i t e  o f  t h i s  r e t a r d a t i o n  o f  
"" t he  g a s t r u l a t i o n  process ,  t h e  d i f f e r e n t i a t i o n  which is  chara te r -  

- The embryos descr ibed are l y  arrest-malformatio 
duced by d i so rde r  and arrest o f  t h e  g a s t r u l a t i o n  process  which has  enjoyed 
n e i t h e r  a punctual beginning nor  i t s  normal conclusion. But the re fo re ,  
they are due very s i n g u l a r  and s p e c i a l  i n t e r e s t .  
arrest-malformations known i n  t e r a t o l  gy, t h a t  observed here  appears t o  
occur earliest  i n  development. 
condi t ions o f  organiza t ion  not  only of ve r t eb ra t e s  but  i n  general  o f  t he  
e n t i r e  animal kingdom, namely t h e  formation of  t h e  b las topore .  

syn thes i s  of t h e  e n t i r e  body. 

For among t h e  numerous 

I t  concerns one of  t h e  most p r imi t ive  

No wonder, k the re fo re ,  t h a t  t h e  d i so rde r  thus  produced has touched t h e  fundamental 

A first glance a t  t h e  c ross -sec t ion  
lead some readers  t o  a concept varying f The eggs might be con- 
s ide red  as double malformations i n  which each ind iv idua l  has  reached only 
h a l f  i t s  primordium. 
proves t o  be untenable.  
impress one a t  first glance as half-embryos, change i n t o  one another  
cont inua l ly  a t  t h e  head and t a i l  ends; 
form a r a t h e r  normally shaped embryo, 
t h i r d ,  t he  h ighes t  degree of  arrest-malformation t h a t  is  pr imar i ly  discussed 
here  i s  connected with normally developing embryos through a l l  poss ib l e  
intermediary s t a g e s ,  which represent  a lesser degree of arrest; and fou r th ,  
t h e  adhesive d isk  f o r  t h e  e n t i r e  egg i s  l a i d  down s i n g l y  and not  doubly as 
would s u r e l y  be expected i n  dup l i ca t ion .  

ough our  malformation may e a s i l y  
mine. 

However, upon c l o s e r  examination, such a concept 
Because, first of  a l l  t h e  l a te ra l  primordia,  which 

y may la ter  combine t o  
wing sec t ion  w i l l  show; 
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Some i n t e r e s t i n g  conclusions may be drawn from t h e  s ta tement  t h a t  our  
malformations are g a s t r u l a  forms which i n  one r e spec t  have undergone an 
arrest of t h e i r  normal process  of development i n  t h e  process  of invagina- 
t i o n  and i n  t h e  c losure  of  t h e  b l a s t  o re ,  bu t  i n  another  r e spec t  have 
never the less  progressed and a l ready  rmed t h e  most important organ rudi -  
ments of t h e  v e r t e b r a t e  body. To t h i s  end l e t  us reduce t h e  malformation t o  
a s impl i f i ed  scheme by v i s u a l i z i n g  t h e  yolk mass i n  Fig.  17 (P la te  20) as 
consumed and replaced by a simple l a y e r  of i n t e s t i n a l  gland cel ls .  In  s o  
doing we ob ta in  a g a s t r u l a  form i n  which t h e  s t i l l  wide open b las topore ,  
which is  somewhat lengthened from t h e  head toward t h e  t a i l  end, is  enclosed 
a l l  around by t h e  rudiment of t h e  nervous system. 

e x t e r n a l l y ,  i . e . ,  a medullary r ing .  

Such p r imi t ive  form of  nervous 

The l i p s  of t h e  b l a s t o -  
pore themselves form a somewhat curved nerve p l a t e ,  which l i e s  free /373 

t e m  i s  indeed permanently found i n  
some lower d iv i s ions  o f  t h e  animal gdom. I t  belongs t o  the  h ighes t  
organized polyps,  t he  Act in iae  i n  they were discovered by my b ro the r  

14 
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- and myself [ 2 6 ] .  
- extremely p r a c t i c a l ,  because 
. t h e  body, i t s  o u t e r  and i t s  i are i n  ex tens ive  and d i r e c t  

connection only a t  t h e  b l a s t o  re ,  sensory nerve branches 
o r i g i n a t i n g  a t  t h e  o u t e r  mar a r y  p l a t e  can go from here  
d i r e c t l y  t o  t h e  sense  organs through t h e  dermal l aye r .  
Conversely, nerve f i b e r s  whi he i n n e r  margin of t h e  medullary 
p l a t e  reach t h e  muscle masses which develop from t h e  ce l l  material invagi-  
nated i n t o  t h e  i n s i d e  o f  t h e  g a s t r u l a ,  from t h e  inne r  germ l a y e r  (Act iniae) ,  
o r  from t h e  middle germ l a y e r  ( three- layered animals) .  The per iphera l  
nervous system i s  thus  completely and n a t u r a l l y  divided according t o  i t s  
l o c a l  o r i g i n  i n t o  a sensory po r t ion ,  emanating from t h e  ou te r  margin of  t h e  
nerve r ing ,  and a motor po r t ion ,  emanating from i t s  inne r  margin. Because 
t h e  c e n t r a l  nervous system among t h e  ve r t eb ra t e s  a l s o  comes t o  be es tab-  

- 1 i s h e d  as a r i n g  i n  t h e  v i c i n i t y  of t h e  b las topore ,  as our malformations 
*-show so  c l e a r l y ,  a very simple morphological explanat ion i s  o f fe red  f o r  

Such condi t ion  of  t h e  c e n t r a l  nervous system is  obviously 1 
nce t h e  d i f f e r e n t  l a y e r s  of 

Bell's theorem o r  t h e  fact  of t h e  sepa ra t e  o r i g i n  o f  t h e  
motor roo t  f i b e r s ,  an explanat ion which I have a l ready  b r i e f l y  discussed 
[ 2 5 ] .  The former developed i 
t h e  o u t e r  o r  dorsa l  margin o 
with t h e  muscle segments from t h e  i n n e r  o r  v e n t r a l  margin. 
motor nerves need only follow t h e  path a l ready  previous ly  ind ica t ed  i n  t h e  
n a t u r a l  s t a t i f i e d  o rde r  o f  t h e  germ l aye r s  i n  order  t o  a r r i v e  d i r e c t l y  at 
t h e i r  end organs,  t h e  sensory f i b e r s  a t  t he  sensory organs s i t u a t e d  i n  t h e  
ectoderm, t h e  motor f i b e r s  a t  t h e  p r imi t ive  undles a r i s i n  
mesoderm. 

sensory and 

ion  with t h e  ou te r  germ l a y e r  from 
cord h a l f ;  t h e  l a t t e r  i n  conjunction 

Sensory and 

The r e l a t i o n s  of t h e  c e n t r a l  nervous system of  ve r t eb ra t e s  t o  t h e  /374 
blas topore  (pr imi t ive  furrow, b l a s tops re )  have a l ready  been f requent ly  
discussed and recognized. 
namely t h e  ex ten t  t o  which t h e  b las topore  has s p l i t  t h e  c e n t r a l  nervous 
system along i t s  length .  
t ransformations under s tudy.  The b las topore  s p l i t  i n i t i a l l y  divided t h e  
e n t i r e  c e n t r a l  nervous system i n t o  two equal halves  which are closed a t  
t h e i r  ends t o  form a r ing .  Like t h e  do r sa l  commissure of  t h e  cerebrospinal  
medulla, t h e  v e n t r a l  commissure i s  a l s o  formed only secondar i ly  by coalesc-  
ence. 
t he  ques t ion  of  t h e  na ture  and manner i n  which t h i s  coalescence occurs i n  
ind iv idua l  cases among t h e  ve r t eb ra t e s  a f te r  w e  have become familiar a l s o  
with la ter  s t ages  of  malformation. 

I n  t h i s  connection one p o i n t  remained unc lear ,  

This problem i s  c l a r i f i e d  by t h e  arrest- 

I s h a l l  r e t u r n  again i n  more d e t a i l  i n  some c los ing  observat ions t o  

My comparison of  t h e  c e n t r a l  nervous system of ve r t eb ra t e s  i n  i t s  
o r i g i n a l  s t a g e  of development with t h e  ring-shaped nerve p l a t e  surrounding 
the  mouth of  Act in iae ,  o r  genera l ly  speaking, of  Anthozoa, are i n  many 
r e spec t s  i n  harmony with t h e  phylogenet ic  specula t ions  of A. Sedgwick [ 6 6 ]  
and earlier by Lameere [ 3 5 ]  concerning t h e  o r i g i n  o f  ve r t eb ra t e s .  " A l l  t h e  
coelomateae descend i n  a way comparable t o  a scyphocnidare of  t h e  Actimozidae 
group whose mesenter ic  (pos i t ions  ) be detached from t h e  a x i a l  po r t ion  
of t h e  d i g e s t i v e  cavi ty ."  Lameere es t h i s  r e l a t i o n s h i p  on t h e  r i n g  
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shape o f  t he  nervous system surroun 
of  s e p t a  i n  Act iniae,  namely i n  Cer 

c h a r a c t e r i s t i c s  may be added the o 
products ,  which i n  last in s t anc  

therefrom. 

bu t  would p r e f e r  no t  t o  use these  f o r  phylogenetic conclusions which because 
o f  t h e i r  na ture  can only be  hypotheses o f  very dubious value.  
repeat  here  the viewpoint which I have s t a t e d  i n  the  
Chaetoguatha: ''With a l l  these  analogies ,  I in tend  i n  ay t o  make probable 
a c l o s e r  r e l a t ionsh ip  o f  t he  animal d iv i s ions  compared. 
fundamental laws i n  the  development of  the  organism according t o  which the  
establishment of  t i s s u e s  and organs ensues,  from which proof o f  a c l o s e r  
r e l a t ionsh ip  among d i f f e r e n t  animals must not  be immediately concluded, j u s t  
as one could not  conclude t h i s  from t h  
d iv is ion ."  The s impler  the  r e 1  
po in t  i n  q u i t e  d i f f e r e n t  d i r e c t  
can be der ived,  which s t i l l  does no t  j 
are descended from t h e  hydra. 

e b las topore  and on the  formation 
, which he takes  t o  be a precursor  

- of  the  body cav i ty  divided i n t o  pKi segments. As f u r t h e r  similar 
the  musculature and o f  t he  i e n i t a l  

ved from e p i t h e l i a l  c e l l s  o f  
germinal l aye r ,  because the  mid e r  d i f f e r e n t i a t e s  i t s e l  _ _ _ ~  - . 

In  s t a t i n g  these  a c t u a l  condi t ions,  I agree with Sedgwick and Lameere 

I can only 

For the re  a r e  c e r t a i n  

t y  o f  t he  process o f  c e l l  
e more do po in t s  of comparison 
a s i c ' shape  of a cup a l l  metazoa 

conclusion t h a t  ve r t eb ra t e s  

I s e e  the  s c i e n t i f i c  gain r e s u l t i n g  from comparison of  the  s tages  of  
development o f  higher  animals with deve anisms, and from the  
discovery of  analogies  between the  two, 
s t a t e s  o f  form, which appear i n  t h e  dev 
rudiments bu t  i n  lower animals as funct ioning e n t i t i e s ,  and the re fo re  l ea rn  t o  
b e t t e r  apprec ia te  t h e i r  s ign i f i cance .  The s ign i f i cance  o f  the rod c e l l s  which 
w e  c a l l  t he  chord i n  the  development o f  a b i r d  o r  mammal becomes understand- 
ab le  only when we see  the  chord as a h i s t o l o g i c a l l y  d i f f e r e n t i a t e d  s t r u c t u r e  
ac tua l ly  funct ioning as a s k e l e t a l  ax i s  i n  a developed cyclostome. Equally, 
t he  r e s u l t s  obtained with Act iniae make c l e a r  how, a t  a lower s tage ,  a nervous 
system may develop and funct ion around the  blastopore.  

he 
h e r  

I I .  Group of Malformations: P a r t i a l  Blastopore Cleavage i n  t h e  Dorsal Region 

A s  empahsized already,  the  forms with p a r t i a l  b las topore  cleavage 
present  such numerous va r i a t ions ,  d i sorders  o f  a now more severe,  now milder 
degree, t h a t  I d iv ide  them b e s t  i n t o  two subgroups i n  order  t o  be ab le  t o  give 
a c l e a r  presenta t ion .  

1. Malformations with p a r t i a l  b las topore  cleavage i n  t h e  dorsa l  region 
at an e a r l y  s t age  o f  development (P la te  16, Fig. 9,  11-16, 18, 19) 

/376 

The forms o f  this  group follow d i r e c t l y  those previously discussed, 
i n so fa r  as the  l a r g e s t  po r t ion  of  t he  
the  yolk t o  protrude outwards; b u t  t h  

s topore  is  s t i l l  open and permits 
an be d is t inguished  from the  former 
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by t h e  fact t h a t  they  are 

fact t h a t  i n  t h e s e  malformatid 
formed i n  an almost nor  

t f u r t h e r  developed which is 

r t i o n  of  t h e  head region bas 
-" evident  from t h e  g r e a t e r  t i a t e d  p r imi t ive  segments. The 

as t h e  second and most important 
d i s t i ngu i sh ing  c h a r a c t e r i s t i c  

The d i f f e rences  j u s t  emphasized are not  as s t r i k i n g  when t h e  malforma- 
t i o n s  are observed as a whole, only when a series o f  s ec t ions  are c l o s e l y  
examined do they f u l l y  reveal themselves. 
has developed on t h e  v e n t r a l  su r f ace  of  t h e  head end, as i n  a po r t ion  o f  t h e  
malformations discussed ear l ier  (P la te  16, Fig.  16 and 18 h ) .  The presence 
of  a small s e c t i o n  o f  head can be recognized i n  t h e  do r sa l  and lateral  
view by t h e  fact  t h a t  t h e  exposed yolk i s  not  hemmed i n  toward t h e  f r o n t  by 
a narrow, darkly pigmented bulge,  bu t  t h a t  a l a r g e r ,  pigmented f i e l d  i s  
present  here  (P la te  16, Fig.  6 ,  9,  12 ,  18,  19 k ) .  Generally a round opening 
o r  a t r ansve r se  f i s s u r e  leading i n t o  t h e  cephal ic  duct  cav i ty  (kd) is  s t i l l  
v i s i b l e  d i r e c t l y  behind t h e  l a t t e r  on t h e  sur face  of  t h e  yolk knob. 
l a te ra l  bulges (ur)  though which border  t h e  yolk f i e l d  i n  t h e  middle show 
no change compared t o  those  i n  t h e  f 
o f t en  are equal ly  far from each o the r .  
considerably,  i t  is  a l s o  t h e  po r t ion  which can vary t h e  most i n  i t s  
appearance. 

In  a l l  of  them an adhesive d i sk  

The 

s t  group of  eggs inves t iga t ed ,  and 
But t h e  t a i l  end has changed more 

In  Figures 11, 1 2 ,  13  (P la te  17 ) ,  t h e  t a i l  buds (sk) have enlarged 
somewhat compared with ear l ier  f i g u r e s  (Fig. 1, d are separa ted  
by a deep indenta t ion .  
s i d e ,  t h e  ana l  groove discussed earlier is s t i l l  more d i s t i n c t l y  developed. 

t u r n  back i n t o  one another  toward t h e  v e n t r a l  s i d e ,  similar t o  t h e  p r imi t ive  
fo lds  i n  t h e  v i c i n i t y  of t h e  p r imi t ive  groove. 

A t  t h e  end of  t h e  l a t te r  t o  t h e  v e n t r a l  

(Fig. 9,  11, 13, 14 a r ) .  I t  is  bordered by two small f o l d s  (a f )  which j 377 

In  Figures 18, 19, 15, 16 f i n a l l y ,  t h e  t a i l  buds have grown i n t o  long 
processes  (s). They never coincide i n  t h e i r  d i r e c t i o n  with t h e  long a x i s  
of t h e  body bu t  genera l ly  are bent  over beneath t h e  r i g h t  corner  toward t h e  
do r sa l  su r f ace ,  which is b e s t  recognized by la te ra l  observat ion of  t h e  
embryo. Now and then t h e  bending is  even more severe and may reach such 
degree t h a t  t h e  end of  t h e  t a i l  processes  runs p a r a l l e l  t o  t h e  long ax i s  
of t h e  body, l i e s  across  t h e  yolk and i s  d i r e c t e d  with t h e  t i p  toward t h e  
head (Fig.  2 1  and 23) .  During growing up t h e  t a i l  processes  may i n  rare 
cases remain separa ted  down t o  t h e  base where t h e  ana l  groove l ies  (Fig. 
16 t o  19 ) .  Usually,  however, they begin t o  fuse  with one another  from t h e  
base of  o r i g i n  so t h a t  only t h e  t i p s  remain as t h e  l as t  s i g n  of  t h e  o r i g i n a l  
dupl ica t ion .  The p l ace  o f  s u t u r e  is  c l e a r l y  v i s i b l e  i n  Figures 11 and 14, 
and is  l abe led  by t h e  l e t te r  n.  

Cross-sect ions made i n  a d i f f e r e n t  d i r e c t i o n  w i l l  now provide us wi th  
a c l o s e r  i n s i g h t  i n t o  t h e  f i n e r  s t r u c t u r e  of  t h e  head region,  o f  t h e  c e n t r a l  
po r t ion  s t i l l  bear ing  t h e  b las topore  cleavage, and o f  t h e  t a i l  end. 

Longitudinal s e c t i o n s  through embryo 0 (P la te  16, 2 and 
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I_ 11) .  O f  t hese ,  Fig.  4 (P la t e  17) a sec t ion  s i t u a t e d  nea r  t h e  
medial p lane .  A ce reb ra l  can ed i n t o  seve ra l  v e s i c l e s  i s  
contained wi th in  t h e  closed h Beneath it, with t h e  exception 
of i t s  forward t h i r d ,  l i e s  a chord (cG) which t a p e r s  forward but  i s  t h i c k e r  
than normal toward t h e  back. ':and .chord impinge upon t h e  exposed 

contour.  If one cons t ruc t s  t h e  bodi ly  p i c t u r e  from t h e  series o f  s e c t i o n s  
then one i s  convinced t h a t  i n  t h e  p l aces  marked with a c ros s  both organs 
s p l i t  i n t o  two ha lves  i n  order  t o  surround t h e  yolk mass i n  an arc on both 
s i d e s .  
has been c o n s t r i c t e d  r i g h t  and l e f t  from t h e  epidermis s o  t h a t  w e  can 
e s t a b l i s h  t h e  p l ace  where t h e  head ceases as a c losed  s t r u c t u r e ,  i n  t h e  
v i c i n i t y  of  t h e  medulla oblongata.  The lower h a l f  o f  t h e  head i s  occupied 
by t h e  cephal ic  duct  cav i ty  (kd) which spreads i n t o  seve ra l  s inuses  and is 
covered by a high c y l i n d r i c a l  epi thel ium. I t  opens outward through a f i n e  
f i s s u r e  which rises d o r s a l l y  through t h e  yolk mass and leads  d i r e c t l y  between 
t h e  head end t o  t h e  l i t t l e  hole  a l ready  not iced  i n  t h e  su r face  view (Pla te  
16, Fig.  12;  Plate 17, Fig.  4 re  sepa ra t e s  a t h i n  l a y e r  
from t h e  yolk mass. This laye  t e r i o r  end of  t he  chord and 
nerve tube.  

-, yolk mass p o s t e r i o r l y  and, i n  l o  a1 s e c t i o n  te rmina te  with a sharp 

Shor t ly  before  t h e  d iv i s ion  of t h e  nerve tube an audi tory  v e s i c l e  

/378 

A supplement t o  t h e  s a g i t t a l  s ec t ions  is  furn ished  by cross -sec t ions  
which were made through embryo N (P la te  16, Fig.  9 ) .  The most a n t e r i o r  
s ec t ion  of t h e  b r a i n  t o  t h e  v i c i n i t y  of t he  mid- n is normally developed. 
Thus Fig.  1 (P la t e  18) shows a s e c t i o n  which c u t  mewhat ob l ique ly  through 
t h e  mid-brain. The p ro t rus ion  of  t h e  o p t i c  v e s i c l e  (ab) is  found on t h e  
r i g h t  s ide ;  whereas only t h e  missing spo t  of t h e  v e s i c l e  i s  found on t h e  
l e f t  
s i t u a t e d  f u r t h e r  forward. 
cone ( t )  and ad jo ins  t h e  r a t h e r  spacious cephal ic  duct  cav i ty  (kd). Beneath 
t h i s  ensues t h e  middle germ l a y e r  which shows a small cephal ic  cav i ty  t o  t h e  
r i g h t  and l e f t .  
o r i g i n a t e  with t h e  p o s t e r i o r  end of t h e  adhesive d i sk  (P la t e  17 ,  /Fig.- 1 and 
2 h ) .  
(Fig. 1 hb) .  Because of  t h e  obl ique d i r e c t i o n  o f  t h e  sec t ion  t h i s  v e s i c l e  ~ 

can only be found on t h e  l e f t  while  t h e  r i g h t  follows only on a la ter  
sec t ion  of t h e  series (Fig.  2 hb) .  

while t h e  remaining po r t ion  of t h e  v e s i c l e  can be found on s e c t i o n s  
The f l o o r  of  t h e  mid-brain has bulged t o  form a 

The thickenings on t h e  v e n t r a l  su r f ace  of  t h e  ectoderm 

F ina l ly ,  t h e  audi tory  v e s i c l e  Nas been c o n s t r i c t e d  from the-epidermis  

I 

A t  t h e  same time Fig.  2 gives  an i d e a  of  t h e  d i v i s i o n  of t h e  ce reb ra l  
furrow which has been produced as a consequence of t h e  b las topore  remaining 
open. 
corresponds t o  t h e  reg ion  o f  t h e  mid-brain, two lateral  vesicles (mr) bow 
out .  These probably con ta i  
To t h e  l e f t  t h e  hollow spac 
are found. 
lobes,  i s  represented only  by a very t h i n  e p i t h e l i a l  l aye r ,  t o  which t h e  

walls of both outpocketings show a derable  th ickness .  Beneath t h e  
l e f t  t h e  forward t ape r ing  end o f  a 

From a c e n t r a l  unpaired s e c t i o n  of  t h e  ce reb ra l  furrow, which probably 

. formative ___ - _- ._ __ material of t h e  medulla ob longa ta . t  
to  the ri&t t h e  forward w a l l  of  t h e  p ro t rus ion  

The covering of  t h e  b ra in ,  which i s  thus separa ted  i n t o  t h r e e  

epidermis is d i r e c t l y  a t tached  as a very f i n e  membrane. Only t h e  la te ra l  /379 

(ch) can be seen, which here  
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follows a r a t h e r  oblique cours s i d e ,  a few sec t ions  l a t e r ,  a 
similar chord can a l s o  be p e r  o t h e r  p ro t rus ion .  In embryo 
N ,  t h e r e f o r e ,  t h e  po r t ion  of t h  odged beneath t h e  b r a i n  has 
down i n  two completely sepa ra t e  

er  sec t ions  the  cen t h e  b r a i n  rudiment d i s  
e f t  pro t rus ions  separa  om one another  and each forms, 

r 

cross-sec t ion ,  a tube which i s  thickened l a t e r a l l y  and composed o f  long, 
spindle-shaped c e l l s  which are shoved i n t o  one another,  while medially t h e  
tube is  closed only by a t h i n  l a y e r  o f  f l a t t e n e d  cells. 
a chord ad jo ins  each tube.  
region where t h e  head end, t h a t  as a o l e  i s  normally formed, ceases 
completely and where t h e  yolk mass pushes through the  b las topore ,  which has 
remained open, between t h e  c e n t r a l  organs which have s p l i t  and separa ted ,  
i . e . ,  between t h e  l e f t  and r i g h t  halves o f  t h e  nerve tube and chord, e t c .  
A s e c t i o n  s i t u a t e d  somewhat i n  t h e  middle of  t h i s  segment is  i l l u s t r a t e d  i n  
Fig. 3 and a small p a r t  o f  i t ,  t h e  region of t h e  l i p  of t h e  b las topore ,  i s  
i l l u s t r a t e d  at a s t i l l  h igher  magnif icat ion i n  Fig.  4 .  

To the  l e f t  and r i g h t  of t h e  yo1 o t rudes  outward as a hump, 
both halves of t h e  s p i n a l  cord (mr) a r e  found. Unlike the  embryos o f  t h e  
f irst  group s tud ied  e a r l i e r  (P la t e  17 ,  Fig.  2 ,  3 ,  mp), they no longer 
represent  exposed p l a t e s ,  bu t  have closed t o  form a tube.  As i n  t h e  normal 
c losure  o f  t h e  s p i n a l  cord t h e  medullary f o l d  has  r i s e n  more above the  su r face  
on each s i d e  and curved inwards toward t h e  median u n t i l  along with t h e  
marginal f o l d ,  it has met t h e  junc ture  o f  t he  m e  late with t h e  yolk, 
designated i n  Fig. 2 ,  P l a t e  1 7  with the  l e t t e r  v ,  with 

o f  
For only i t s  o u t e r  wall shows t h e  c e l l u l a r  composi- 

The c ross -sec t ion  of 
In t h e  se ies of s e c t i o n s  we now come t o  t h e  

- - 
it .  
a s p i n a l  cord rudiment. 
t i o n  of a nerve p l a t e ;  t h e  inne r  wall cons i s t s  of a t h i n  l a y e r  of f l a t  /380 
c e l l s  which medially ad jo in  d i r e c t l y  t h e  l a rge  yolk c e l l s .  
prevented c losure  o f  t h e  b las topore ,  t h e  c e n t r a l  nervous system has thus 
separa ted  from i ts  parent  t i s s u e .  
b las topore ,  covered e x t e r n a l l y  and above by a t h i n  epidermis, and with i t s  
inner  su r face  ad jo ins  t h e  yolk which rep laces  t h e  i n t e s t i n a l  gland membrane, 
a n d ' r e s t s  below upon t h e  chord which c o n s t i t u t e s  a round, a l t o g e t h e r  sharp ly  
ePrcumscribed bundle. 
t h e r e  is  a small knot of cells (Fig. 4 g) which appears t o  have formed by 
p r o l i f e r a t i o n  of t h e  lowermost cell  l a y e r  of t h e  la t ter ;  it i s  t h e  rudiment 

p r imi t ive  segment (us) which is  sharp ly  de l inea ted  from t h e  remaining po r t ion  
of t h e  middle germ l a y e r ,  t h e  lateral  lamina. 

The 'tube formed i n  t h i s  manner (Fig.  4 mr) 

In s p i t e  of t h e  

I t  i s  now s i t u a t e d  on t h e  l i p  of t he  

In many sec t ions  , between s p i n a l  cord and epidermis 

. o f  a s p i n a l  ganglion. From ou t s ide  and below t h e  chord is enclosed by t h e  

In order  t o  complete our understanding of t h e  condi t ions  of t h e  head 
end i n  t h i s  second group of malformations, I s h a l l  b r i e f l y  go i n t o  t h e  
r e s u l t s  shown by t h e  c ross -sec t ions  through embryos Bg, F and X .  

In embryo Bg (P la t e  16, Fig. 1 d 1 9 ) ,  a small p i ece  of a normal 
ce reb ra l  furrow i s  enclosed only i n  most a n t e r i o r  end of t h e  head; toward 
t h e  back (Plates 18, Fig. 16) it- qu i  expands i n  width, whereby only t h e  

- - .  -- - -_ - . - 
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*--- lateral walls (mr) remain thickened, Ahereas t h e  f l o o r  and t h e  covering 
_ -  t h i n  out  t o  an extremely f i n e  ane (vp). In  t h e  middle, a 

chord (ch) appears i n  t h e  med Ceen t h e  halves  which have 
separated.  The chord i s  exce developed. To t h e  r i g h t  it 
extends a la teral  branch whic 
hemisphere, while a smaller h he l e f t .  Upon c lose  examination 
o f  t h e  series of  s e c t i o n s ,  t h e  p i c t u r e  clarifies i n  t h a t  t h e  chord forms 
unpaired and assumes t h e  co r rec t  p o s i t i o n  between b r a i n  and cephal ic  duct  

whrcb t h e  r i g h t  is  more conspicuously developed. Accordingly, i n  t h e  
following sec t ions  t h e  middle p i ece  of t h e  chord is  seen disappearing 
toge ther  with both e p i t h e l i a l  l a y e r s  which, i n  Fig.  16 vp, extend between 
both ce reb ra l  hemispheres. Simultaneously, t h e  cephal ic  duct  c a v i t y  opens 
t o  t h e  outs ide  on i t s  upper wall. 
s e c t i o n a l  p i c t u r e  shown i n  Fig.  17 (P la t e  18 ) .  

t h e  corresponding ce reb ra l  

x (hdr  only a t  t h e  beginning, but  then s p l i t s  i n t o  two separa t ing  branches,  of 

This f i n a l l y  produces t h e  cross-  
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The middle of Fig.  17 i s  occupied by t h e  yolk mass which i s  divided 
i n t o  l a rge  cel ls  and cu t  from top  t o  bottom by a cleavage-shaped hollow 
space (kd). Toward t h e  f r o n t  i t o  t h e  cephal ic  duct cav i ty ,  
and toward t h e  top it opens onto t h e  su r face  of  t h e  exposed yolk i n  t h e  
depression t h a t  was previously noted during examinataon o f  t h e  su r face  
(P la te  16, Fig.  19 kd). The upper margin of  t h e  yolk-or t h e  entrance i n t o  
t h e  primary i n t e s t i n a l  cav i ty ,  which s t i l l  remains open, i s  l imi t ed  on both 
s i d e s  by t h e  separa ted  halves  of  t h e  medullary tube and by t h e  chord. 
have developed i n  a d i f f e r e n t  manner on t h e  r i g h t  and l e f t .  To t h e  l e f t ,  a 
th i ck  medullary p l a t e  is a t tached  t o  the yolk by a narrow connecting p iece .  
The su r face  o f  t h e  medullary p l a t e  i s  covered by t h e  horn b lade  f o r  some 
d i s t ance .  Beneath t h e ~ j u n c t i o n  of medullary p l a t e  and the  yolk,  t h e  c ross -  

s e c t i o n  o f  a very r e t a rded  chord rudiment (ch ) can be seen. But t o  t h e  
r i g h t  1 .  t h e  rudiment of  h a l f  t h e  s p i n a l  cord has c losed  t o  form a tube (mr) 
i n  t h e  manner prev ious ly  mentioned f o r  embryo N .  
ac ross  t h e  tube and a t t aches  t o  t h e  yylk.  
s i d e ,  i s  developed as a conspicuous bundle. 

These 

7 

2 

The horn blade continues 
The chord (ch) f i n a l l y ,  on t h i s  

In  embryo F (P la te  16, Fig.  13 ) ,  t h e  b las topore  has become closed not  
only i n  t h e  region of t h e  head, where l the  audi tory  v e s i c l e s  have a l ready  
separa ted  from t h e  horn blade,  bu t  a l s o  i n  an ad jacent  po r t ion  of  t h e  back. 
The c ross -sec t ions  shown i n  Figures 18-21 (P la t e  18) were made through t h e  
t r a n s i t i o n  o f  t h e  closed po r t ion  i n t o j t h e  c l e f t e d  po r t ion  of  t h e  b las topore .  
In t h e  f irst  of  these ,  t h e  s p i n a l  cord i s  a l ready  widened and i ts  covering 
transformed i n t o  a t h i n  e p i t h e l i a l  l aye r .  From t h i s ,  a t h i n  septum (Fig. 18 
sch)  extends toward t h e  base p l a t e  of t h e  s p i n a l  cord.  
found on seve ra l  s ec t ions  of  t h e  ser i  s and c o n s i s t s  of  f l a t t e n e d  pigmented 
e p i t h e l i a l  cel ls .  I t  s epa ra t e s  t h e  c n t r a l  canal  i n  a l e f t  and r i g h t  p a r t .  
The unpaired chord (ch) pushes between s p i n a l  cord and i n t e s t i n e ,  which is  
f i l l e d  with l a rge  yolk ce l l s  and shows only a v e r t i c a l ,  narrow s p l i t  (kd). 
The chord is  a l s o  widened i n  t r a n s v e r i e  d i r e c t i o n .  
s ec t ions  (Fig. 19 ch) ,  t h i s  widenin increased  even more. The la te ra l  
ha lves  of  t h e  s p i n a l  cord, i n  whose 

This septum i s  

In  one of  t h e  following 

c e n t r a l  canal  t h e  septum has again 
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~~ disappeared, are a l s o  s l i g h t l y  more s jpa ra t ed .  Fur ther  toward t h e  rear 

i (Fig. 20) t h e  chord has separ  g r i g h t  (ch) and a very 
inconspicuous l e f t  bundle (chE !&x%Eer widened s p i n a l  cord has  been 

t h e  ou t s ide  by t h e  
s fused with t h e  upp 
he separa ted  halves  o i g .  20). F ina l ly  i n  F i  
one of  t h e  next  cros  

t h e  t h i n  covering. 
n t e s t i n e  f o r  a s h o r t  

epara t ion  of  a l l  org  
complete. Between both halve ordl t h e  base p l a t e  has 
completely disappeared so t h a t  only t h e  yolk mass of t h e  i n t e s t i n e  e n t e r s  
d i r e c t l y  i n t o  t h e  void and connects 
through an intermediary p a r t .  I n  t h  process  t h e  above-mentioned cleavage- 
shaped void has broken through t h e  
t h a t  i n  t h i s  embryo, as i n  a l l  p r e c  ng cases t h e  cephal ic  duct cav i ty  has 
been provided with a d i r e c t  opening t o  t h e  dorsum between the  l i p s  of  t h e  
b las topore .  

t h  t h e  l e f t  and r i g h t  medullary p l a t e s  

e r  i n t e s t i n a l  wall i n  t h e  yolk,  s o  

The o f t e n  unequal development of  t h e  organ ha lves  on both l i p s  of t h e  
ries of  s ec t ions  through t h e  b las topore  becomes evident  on 

dorsum of  d i f f e r e n t  embryos. t e l y  symmetrical behavior shown 
i n  embryos J and N, f o r  example (P la te  17, Fig.  2 and 3 ;  Plate  18, Fig.  3 
and 4 ) ,  t h e r e  are t r a n s i t i o n s  (Plate 18, Fig.  17 and 20) t o  cases where the re  
i s  no organ rudiment whatever on one s i d e  of  t h e  b las topore .  

' e w  

Embryo X (P la t e  16, Fig.  15 and ) presen t s  such extreme case where 
t h e  organ d i f f e r e n t i a t i o n  has a l ready  
head i s  nea r ly  normally developed only i n  t h e  most a n t e r i o r  s ec t ion  and is  
equipped with adhesive d i sk  (h) and audi tory  v e s i c l e s .  Then, t h e  b las topore  
cleavage begins a l ready  a t  t h e  dorsum and is  wide open and f i l l e d  with 
exposed yolk mass. 

ade g r e a t  progress  on t h e  i n s i d e .  The 

A s  t h e  i n v e s t i g a t i o n  of t h e  e n t i r e  embryo i n  inc ident  l i g h t  has a l ready  
shown, t h e  l i p  of t h e  b las topore  (us) has  developed on t h e  l e f t  s i d e  (Fig. 
16) t o  form a t h i c k  f o l d  spreading toward t h e  rear i n t o  a long t a i l  end (s) 
which sepa ra t e s  from t h e  yolk mass and is  then d o r s a l l y  bent  a t  r i g h t  angles .  
Examined i n  c ross -sec t ion ,  t h e  f o l d  ($ l a t e  18, Fig.  27) i s  shown t o  cons i s t  
of 1 )  h a l f  a s p i n a l  cord rudiment (mr) which has c losed i n  the  familiar 
manner t o  form a tube and is  covered by t h e  horn blade which is  a t tached  t o  
t h e  yolk; 
are a l ready  a t  t h e  p o i n t  of  d i f f e r e n t i a t i n g  t o  form p r imi t ive  muscle 
bundles.  

2) a s t rong  chord (ch);  3j  o f  a p r imi t ive  segment whose cells 

On t h e  opposi te  s i d e  (P la te  16, Fig.  15) t h e  l i p  of  t h e  b las topore  (ur) 
is  ba re ly  ind ica t ed  by a brown pigmented band which sepa ra t e s  t h e  do r sa l  
sur face  which c o n s i s t s  of  yolk c e l l s , ' f r o m  t h e  v e n t r a l  su r f ace  which is  
covered with pigmented cel ls .  
f o l d  a l i t t l e  above t h e  su r face ,  e s p e c i a l l y  toward t h e  t a i l  end, where it i s  
transformed i n t o  t h e  boundary o f  t h  a1 groove ( a r ) .  On t h e  cross- 
sec t ions  w e  may then r e l i a b l y  v e r i  a t  on t h e  right-hand l i p  of t h e  

Here aqd t h e r e  t h e  band is r a i s e d  as a small 

2 1  



- "~ ~- ~-~ ~-"-  _.. ~" __ x .  l_-._--l̂ lll.l_.- ~-"---.......*-..--~- 

' - -  t h e  b las topore  a l l  organ deve ressed  (P la te  18, Fig. 27 u r ) .  I 
t, a chord, o r  even of  a middle No t r a c e  is  present  of  a sp ina  

germ layer .  On t h e  e n t i r e  ri l k  mass is  covered only by a 
t h i n  l aye r  of  ectoderm which 

" of  the  b las topore  l i p  and is  
more o r  l e s s  widely p r o j e c t i n  h t  t a i l  bud i s  lacking.  On 
t h e  head end t h e  cerebra l  ves 
a t h i n  e p i t h e l i a l  l aye r .  

he yolk c e l l s  a t  t h e  loca t ion  
n seve ra l  s ec t ions  t o  form a 

t s i d e  i s  a l s o  formed only i n  

The cross -sec t ions  through t h e  middle o f  t he  t runk o f  embryos F and 
Bg show t h e  t r a n s i t i o n s  which lead  t o  t h i s  extreme case of  u n i l a t e r a l  
s tuntedness .  

In  embryo F (P la te  16, Fig.  13; p l a t e  18, Fig.  20 and 21) t h e  r i g h t  
chord (ch) i s  s t rong ly  , t h e  l e f t  (ch ) s l i g h t l y  developed; i n  t h e  middle 
of t h e  trunk it even disappears  completely f o r  some d is tance  so  t h a t  t he  
otherwise wel l  developed medullary p lace  impinges d i r e c t l y  upon t h e  p r imi t ive  
segments. 
s t i l l  s tun ted  i n  r e l a t i o n  t o  t h e  o the r  s i d e .  
ab le  t o  observe such a p a r t i a l  chord development, a s tun ted  rudiment i n  
p a r t i c u l a r  s e c t i o n s ,  and a complete l a c k  i n  o the r s .  Last, embryo Bg (Pla te  
16, Fig.  19) i s  of  i n t e r e s t  because i n  it the  de fec t ive  rudiment extends 
a l s o  t o  t h e  sp ina l  cord i n  addi t ion  t o  t h e  chord (P la te  18, Fig.  17) .  On 
the  r i g h t  s i d e  it has c losed t o  form a tube (mr), on the  l e f t  s i d e  it 
remains as open p l a t e ,  and t h i s  a l s o  lags  behind t h e  o the r  s i d e  as regards 
t h e  mass of i t s  substance.  

In  t h e  t a i l  region (Fig. 2 2 ,  23) it appears again although it i s  
In another embryo I was a l s o  
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O f  s p e c i a l  i n t e r e s t  f o r  s eve ra l  morphological problems is  accu 
1 of  t h e  t a i l  end, which has already pro I 
1 from t h e  normal condi t ion during sur  

ded such s t r i k i n g  r e s u l t s  devia t ing  
examination o f  t he  malformations. 

In two embryos, Bg and X (P la te  E6, 'Fig.  18, 19 and Fig.  15 and 16 ) .  
both t a i l  buds (S) remained separated,  i n  s p i t e  of t he  f a c t  t h a t  they had 
grown s i g n i f i c a n t l y  i n  length.  In genera l ,  they cons i s t  of  a mass of  small 
c e l l s ,  y e t  a c ross -sec t ion  through i ts  base shows t h a t  organ d i f f e r e n t i a t i o n  
has a l ready begun even here  (P la te  18 Fig.  26). The ectoderm has c l e a r l y  
developed as a separa te  l aye r  except one spo t  on the  dorsum where it is  
thickened and changes i n t o  the  inne r  11 mass, the  middle germ l aye r .  Close 
t o  t h i s  spot ,  t he  c ross -sec t ion  throu  the  rudiment of t h e  sp ina l  cord (mr) 
and t h e  chord (ch) i s  located i n  t h e  l e f t  t a i l  bud. Both a r e  very 
inconspicuous. 
thickened only l a t e r a l l y  and medially cons i s t s  of a l aye r  o f  c e l l s  which a r e  
pressed f l a t .  
t he  middle germ l aye r ,  i n  which t h e  formation of  t h e  p r imi t ive  segment has 
probably already begun i f  o the r  embryos are any ind ica t ion ;  t h i s  however, 
could only have been e s t ab l i shed  by i t u d i n a l  s ec t ions .  The chord i s  
s i t u a t e d  medially,  v e n t r a l l y  from t i n a l  cord,  The r i g h t  t a i l  bud 
appears smaller because it is  c u t  s a t  f u r t h e r  away from the  base.  
Here, only a small s p i n a l  cord cana ) of  t h e  familiar composition can 
be d i s t i n g b i  L -  
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The s p i n a l  cord is closed t o  a small tube whose wall i s  

On one s i d e  i f  i s  bordired by ectoderm, on t h e  o t h e r  s i d e  by 

d.  The chord rudiment, however, disappears i n  t h e  s 



c e l l e d  t i s s u e  which i s  sepa ra t e  everydhere from t h e  ectoderm. A small hump, 
t h e  intermediate  p a r t  ( z ) ,  i s  tween t h e  two ta i l  buds. On i t s  
sur face ,  t he  anal  groove, whi developed i n  most malformations 
makes i t s  way. In  t h e  more d 1 organ d i f f e r e n t i a t i o n  ceases 
o r  is  a t  least no longer reco every t a i l  bud cons i s t s  now 
only of  small, pigmented, t h i  dermal c e l l s ,  which are 
covered by a t h i n  l a y e r  of  ec  

In  t h e  second embryo X (P la te  16, Fig.  15, 16) ,  i n  which t h e  d i f f e r e n t -  
i a t i o n  of  organs has a l ready made considerable  progress ,  only t h e  l e f t  t a i l  
rudiment is  developed, whereas t h e  r i g h t  i s  completely s tun ted  l i k e  t h e  
e n t i r e  r i g h t  l i p  o f  t he  b las topore .  

In  c ross -sec t ion  it is  shown as being composed o f  a r a t h e r  conspicuous 
sharply def ined chord, of  h a l f  a s p i n a l  cord rudiment which has closed t o  
form a tube,  and of p r imi t ive  segments which have already d i f f e r e n t i a t e d  
muscle f i b e r s ,  

I consider  t h e  knowledge that the  b las topore  changes i ts  charac te r  i n  
one small region a t  the  p o s t e r i o r  end o f  t he  embryo as t h e  most important 
r e s u l t  of  t h e  f ind ings  repor ted  i n  t h e  preceding pages. While it otherwise 
d i f f e r e n t i a t e s  everywhere t o  form the  s p i n a l  cord rudiment and t h e  chord, 
t he  first with i t s  ectodermal l aye r ,  t h e  l a t te r  w i t h i t s  endodermal l aye r ,  
t h i s  process of  d i f f e r e n t i a t i o n  ceases i n  t h e  re 
groove. The por t ion  which d i f f e r e n t i a t e s  above organs may be 
designated t h e  germinal r i ng .  
anal groove. 
which grow beyond t h e  ana l  groove and d i f f e r e n t i a t e  f u r t h e r  i n  the  same 
manner as the  halves  of  t h e  germinal r i ngs  i n t o  t h e  ind iv idua l  rudiments, 
sp ina l  cord,  chord, and middle germ l aye r .  

n which becomes the  ana l  

I t  is  thus\,  
A t  t h i s  i n t e r r u p t i o n  i t s  two ends 
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The embryos Bg and X ,  which were j u s t  examined f o r  ;he na ture  of t h e i r  
t a i l  end, form exceptions among the  majori ty  of  malformations. For i n  most 
cases both t a i l  buds begin t o  grow toge ther  a t  t h e i r  medial sur faces  as 
soon as they a t t a i n  l a r g e r  dimensions and become more prominent above the  
su r face .  Depending on whether t h i s  p ocess of  fus ion  is  i n i t i a t e d  e a r l i e r  
o r  la ter ,  and f u r t h e r  depending on whether it is  completely o r  only p a r t i a l l y  
f in i shed  q u i t e  d i f f e r e n t  appearances are produced. Exact ana lys i s  o f  t h i s  
process i s  of  g rea t  morphological i n t e r e s t  because it c l a r i f i e s  t h e  develop- 
ment of t h e  anus, a quest ion which has been repeatedly debated during t h e  
pas t  years  without being brought t o  a r e a l l y  s a t i s f a c t o r y  conclusion. 
Considering the  d i v e r s i t y  mentioned above and t h e  importance of  t h e  sub jec t ,  
I r epor t  a l a r g e r  number o f  f ind ings  furnished by t h e  s e r i e s  of  s ec t ions  
through embryos J (Pla te  16, Fig. 6 (Fig. 9), 0 (Fig. 11, 12) ,  G (Fig. 
14) ,  and F (Fig. 13) .  
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In embryo J' (P la te  16, Fig.  6 e t a i l  buds are f i rmly  joined i n  
t h e  medial plane and have thus prod 
c loses  t h e  b las topore  cleavage pos t  
f o l d  t h e  ana l  groove is  v i s i b l e  whi 

an undivided t ransverse  f o l d  which 
Somewhat f u r t h e r  back of  t h i s  r l y .  

f r o n t  begins a t  some d is tance  from 
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t h e  blastopore cleavage, then and is bordered by c l e a r l y  
-developed ana l  f o l d s ,  which t e another v e n t r a l l y .  Because 
- t h e  f o l d  has pushed i n  betwee 

caudal p r o t r u s i o n  o f  t h e  l a t t  

as i n  embryos, J3, Bm, M, and B 
furrow as an independent s t r u  i n  Plate 17 shows a cross-  
s ec t ion  through t h e  po in t  of  
ana l  furrow. In Fig.  13 t h e  poin t  of coalescence i s  denoted 1 )  by t h e  
arrangement of  c e l l s ;  2) by t h e  darker  pigmentation, so  t h a t  a black streak 
passes dorsovent ra l ly  through t h e  mass of small c e l l s ;  3) by a cont rac t ion  
of t h e  su r face  i n  t h e  region where t h e  ectoderm cannot be d is t inguished  from 
t h e  lower c e l l s  f o r  some d is tance .  Beneath t h e  fused t a i l  buds a small 
i n t e s t i n a l  space i s  de l inea ted .  This p e l v i c  space is  the  i n t e s t i n a l  cav i ty ,  
whose w a l l  cons i s t s  v e n t r a l l y  of numerous, l a rge  yolk c e l l s  which a r e  
s tacked i n  l aye r s  one upon another.  A s  d i r e c t  cont inuat ion of t h e  germinal 
r ing ,  t h e  t a i l  bud s t i l l  shows some organ d i f f e r e n t i a t i o n  on t h e  l e f t  s i d e .  
The chord (ch) i s  de l inea ted  i n  t h e  mass of small c e l l s  as a band o f  c e l l s  /387 
running p a r a l l e l  t o  t he  yolk s 
above probably represents  t he  
germ l aye r .  
i n t o  one another i n  a fash ion  similar t o  what happens i n  t h e  regions of  
t he  p r imi t ive  streak i n  ve r t eb ra t e s .  

rrow does no longer fo  
ec ted  t o  t h e  blastopo 

i s  separa ted  from t h e  

Fig. 14  a sec t ion  through t h e  

e,  t h e  mass of small cells 
and below probably t h e  middle 

Toward the  po in t  o f  coalescence a l l  of  t he  germ layers  grade 

A number of s ec t ions  f u r t h e r  t o  t h e  r e a r  (F 4) t he  p e l v i c  i n t e s t i n a l  
cav i ty  has disappeared except f o r  an obl ique 
c e l l s .  
cone shaped indenta  
protruding above t h  ur face .  In  t h i s  loca t ion  t h e  ectoderm c e l l s  have 
become somewhat t a l l  and almost c y l i n d r i c a l .  
r a t h e r  similar fashion i n  q u i t e  a number of  s ec t ions .  In  t h e  region of t h e  
ana l  groove a p lace  i s  now espec ia l ly  d is t inguished  by t h e  fact t h a t  i n  t h i s  + 

spot  t h e  ectoderm c e l l s  d i r e c t l y  ad jo in  the  yolk c e l l s  which l i n e  t h e  hind- 
most end of t he  p e l v i c  i n t e s t i n a l  cavi!ty. 
cav i ty  w i l l  l a t e r  open through t h e  anus t o  t h e  ou t s ide .  
spot  t he  ana l  groove otherwise borders everywhere on the  middle germ l aye r .  

The c ross -sec t ions  through t h e  tail end of  embryo N (P la te  16, Fig.  9) 

bordered by yolk 
The ectoderm is thickened do r sa l ly  an medial plane shows a 

n which is  surrounded by two fo lds  of  t he  ectoderm 

This p i c t u r e  reappears i n  a 

In t h i s  spot  t h e  p e l v i c  i n t e s t i n a l  
Except f o r  t h i s  

present  a complete pendant where the  t a i l  buds appear do r sa l ly  as somewhat 
heavier  f o l d s  and have combined i n  the  medial plane s o  t h a t  they now 
de l inea te  t h e  open blastopore toward t h e  r e a r  and have separated t h e  ana l  
groove from it as a sepa ra t e  p a r t .  

The c ross -sec t ion  (P la te  18, Fig. 5) passes  d i r e c t l y  behind t h e  por t ion  
of t h e  b las topore  t h a t  has remained open and through t h e  forward beginning 
of t h e  p lace  of  coalescence.  
separated.  
u n t i l  they disappear  from view i n  
The h a l f  rudiment of  t h e  sp ina l  co 
it changes here  from a s t r a i g h t  t o  

On t h e  r i g h t  s i d e  the  organs a r e  s t i l l  well 
These can be followed inward from t h e  germ r i n g  f o r  some d is tance  

i f f e r e n t i a t e d  mass o f  small c e l l s .  
) i s  cu t  somewhat obl iquely because 
l i que  course.  Beneath it we f i n d  
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t he  chord (ch),  l imi t ed  toward t h e  outs ide  by the  middle germ l aye r ,  and by 

p e l v i c  i o t e s t i n a l  cav i ty  (ed).  s i d e  t h e  t a i l  bud i s  much l e s s  /388 
" developed and composed on19 o 

germ l a y e r  of  e s p e c i a l l y  smal 
p e l v i c  i n t e s t i n a l  cav i ty .  A t  oalescence and somewhat beneath 
it, a l l  t h r e e  germ layers  agai  ne another on t h e  l e f t  s i d e .  
Some sec t ions  f u r t h e r  t o  t h e  rear t h e  hollow space of  t h e  p e l v i c  
i n t e s t i n a l  cav i ty  ends while t h e  yolk cells (ed) which terminate  i ts  r e a r  
wall are s t i l l  encountered. 
e l y  surrounded by t h e  middle germ l ay  r and i s  c l e a r l y  separated from it 
v e n t r a l l y ,  while do r sa l ly  both grade A s  i n  t h e  pr imi t ive  
furrow of chickens,  here  too,  t h e  out r germ l a y e r  cannot be separa ted  from 
the  middle l aye r  i n  one groove-like d 

I yolk cells toward t h e  inside;;.3 * J,  these  l i n e  a closed,  small 

yers ,  t h e  ectoderm, a middle 
@ yolk c e l l s  which l i n e  t h e  

The l a t t  r form a c e n t r a l  mass which is complet- 

n t o  one another .  

In one of t he  next s ec t ions  (P la te  18, Fig.  7) we f i n d  ourselves  i n  the  
region of t h e  anal  groove ( a r ) ,  i n  which t h e  ectoderm i s  r a i s e d  i n  two fo lds  
(a f )  and t h e  ectoderm c e l l s  a through s i z e  and c y l i n d r i c a l  
shape. Ectoderm and middle g e r  grade i n t o  one another.  
On the  cont ra ry ,  t h e  l a t t e r  is  again absent f o r  a s h o r t  d i s tance ,  i n  t h a t  
t he  yolk c e l l s  ( ik )  of t h e  p e l v i c  i n t e s t i n a l  cav i ty  extend up t o  the  ana l  
cav i ty  and a r e  l a i d  c lose ly  aga ins t  t h e  ectoderm c e l l s .  To t h e  l e f t  and 
r i g h t  of t he  process  formed by yolk c e l l s  we note  t h e  small c e l l s  of t h e  
middle germ l aye r ,  which however, a r e  no t  d e l i  ed from the  l a t t e r  by a 
sharp s p l i t .  roove extends f o r  some 
d is tance  but  abuts  everywhere aga ins t  t h e  mid erm l a y e r  from which it i s  
c l e a r l y  separa ted .  

S t i l l  f u r t h e r  t o  t h e  rew the  an 

A medial s ec t ion  through embryo 0 (P la te  16, Fig.  11 and 12) and two 
s e r i e s  of f r o n t a l  s ec t ions  through embryos W and G w i l l  provide f u r t h e r  
i n s i g h t  i n t o  the  complicated phenomena occurr ing a t  the  t a i l  end during 
development of t he  anus. 

The s a g i t t a l  s e c t i o n  through embryo 0 (P la te  17, Fig.  5) depar t s  a 
l i t t l e  from t h e  medial plane i n  an obi ique d i r e c t i o n .  
recognized from t h e  fact t h a t  no t  only t h e  region of the  ana l  groove is  c u t ,  
but t h a t  t h e  f r e e  end of a t a i l  bud i a l s o  encountered. 

This may e a s i l y  be 

The l a t t e r  should no t  be v i s i b l e  i n  a sec t ion  f a l l i n g  exac t ly  i n  t h e  
medial plane because t h e  ends of both t a i l  buds a r e  s t i l l  separated by a 
gap and are fused over about h a l f  t h e i r  length only.  Therefore, t h e  gap /389 
should have been i n  t h e  region of  t h e i s e c t i o n .  The t a i l  bud which bends 
a l i t t l e  over t he  r e a r  sur face  of  the lyolk ,  c o n s i s t s  of a mass of  very 
small cells ,  i n  which organ rudimentsjcannot be d is t inguished  because only 
t h e  ectoderm is deposi ted as a sepa ra t e  l aye r .  
groove, t he  ou te r  germ l a y e r  i s  considerably thickened and here  shows a 
small indenta t ion  from which a connection e x i s t s  t o  a r e a r  and downward 
pro t rus ion  of  t h e  p e l v i c  i n t e s t i n a l  t y .  
here c l e a r l y  t o  an upper and lower nd continues i n t o  an e p i t h e l i a l  

In t h e  region of t h e  ana l  

The o u t e r  germ l aye r  changes 
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l aye r  t h a t  l i n e s  t h e  rear w a l  i n t e s t i n a l  cav i ty .  On t h e  
lower l i p  t h e  middle germ l a y  ownwards, s epa ra t ing  yolk and 

from one another ,  I t a i l  bud i n  t h e  f i g u r e  
p i c t u r e  i s  complete1 e d i a l  s ec t ions  through 

and B f  (P l a t e  17, 6;  Plate 16, Fig.  5 ,  10, 7, 2 ) ,  
where t h e  t a i l  buds have h a r  and where t h e  intermediate  
p iece  with t h e  ana l  groove are completely exposed. 
v i s u a l i z e  t h e  condi t ion i n  Fig.  5 (P la t e  17) as r e s u l t i n g  from an ear l ier  
condi t ion represented  by embryos B a  and M such t h a t  when t h e  t a i l  buds r i se  
above t h e  rear su r face  of t h e  embryo y considerable  growth, they move 
toge ther  with t h e i r  basa l  po r t ions  a t  t h e  anal  groove and from he re  begin 
t o  coalesce toward t h e  per iphery.  Only i n  one small p l ace  i n  t h e  region o f  
t h e  ana l  groove does fus ion  cease, and a d i r e c t  connection i s  r e t a ined  here  
of t h e  ectoderm with t h e  segment of  t h e  p e l v i c  i n t e s t i n a l  cav i ty  that i s  
s i t u a t e d  f a r t h e s t  t o  t h e  rear and v e n t r a l l y .  
anus. 

Accordingly, w e  should 

This connection represents  t h e  

Both ser ies  o f  f r o n t a l  sec mbryos G (P la t e  16, Fig.  14) 
and W, both o f  which represent  of  a r r e s t e d  b las topore  
c losure ,  show a similar p i c t u r e .  In both,  t h e  t a i l  buds have a l ready  
jo ined  very prematurely by a s u t u r e  (n) i n  t h e  medial plane over t h e i r  f u l l  
e x t e n t ,  before  they appeared free above t h e  su r face .  They form a wide 
t r ansve r se  f o l d  which enc i r c l e s  t h e  exposed yolk mass toward t h e  rear. 
a r e s u l t ,  t h e  ana l  groove (ar) is  pushed away fr t h e  yolk mass and can 
bes t  be seen if t h e  embryo is  placed on i ts  head h t h e  hind end -turned 
d i r e c t l y  toward t h e  observer .  
( a f ) ,  no longer runs ho r i zon ta l ly  but  v e r t i c a l l y  from top  t o  bottom, so  t h a t  
f r o n t a l  s e c t i o n s  are b e t t e r  s u i t e d  t o  s tudy them. 
groove a f i n e  l i n e  can be t r aced  up t o  t h e  yolk knob. This l i n e  is  produced 
by a s l i g h t  con t r ac t ion  of  t h e  su r face .  
seam, a su tu re ,  along which t h e  fus ion  of both t a i l  buds has  taken p l ace  
(P la te  16, Fig.  14 n ) .  

/ 390 
As 

The groove, which is  surrounded by low fo lds  

Forward of t h e  anal  

In a way it represents  a s o r t  o f  

Fronta l  s ec t ions  of  embryo G a r e -p resen ted  through t h r e e  d i f f e r e n t  
regions (P la t e  18, Fig.  10-12), one s e c t i o n  through t h e  s u t u r e  a t  some 
d i s t ance  above t h e  ana l  groove, a second sec t ion  through t h e  forward end 
of i t ,  and a t h i r d  through its hind e 

I n  t h e  f irst  s e c t i o n  ( Fig. 10) f o l d  produced by fus ion  o f  t h e  t a i l  
buds i s  c h i e f l y  composed of t h i c k l y  crowded, small, pigmented cells of  t he  
middle germ l aye r ;  t h e  ectoderm is c l e a r l y  separa ted  up t o  t h e  region o f  t he  
s u t u r e  where it is fused with t h e  mass of  small cel ls  a t  t h e  base o f  t h e  
groove. 
t a i l  f o l d  as a narrow f i s s u r e ,  t h i s  mass of small cells is covered by an 
entoderm l a y e r  which can be d is t inguished  as a sepa ra t e  l a y e r  only a t  some 
d i s t ance  from t h e  medial plane.  On t h e  l e f t  s i d e  of  t h e  s e c t i o n ,  t h e  mass 
o f  small ce l l s  of  t h e  t a i l  bud transforms toward t h e  f r o n t  i n t o  t h e  region 
of t h e  l a te ra l  l i p  of t h e  b las topor  ere t h e  chord and medullary p l a t e  have 
s t a r t e d  t o  develop. A p i ece  of  t h e  r d  (ch) i s  d i r e c t l y  c u t  by t h e  sec t ion ,  

; 

Toward t h e  p r imi t ive  d i g e s t i v e  tract which pushes between yolk and 
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t In t h e  second s e c t i o n  t h  l e  of  t h e  ana l  groove, which is  
~ drawn a t  somewhat l a r g e r  magn . ll), t h e  ind iv idua l  rudiments 

a r e  changed somewhat. The ec  ckened and formed two f o l d s  ( a f ) ,  
which contain between them a small cav i ty  which is l i n e d  by c y l i n d r i  

- c e l l s .  The ectoderm is f o l l o  e germ l aye r  which cons 
many l aye r s  of  small, pigment er ,  it i s  in t e r rup ted  i 
region of  t h e  anal  cav i ty ;  a 
t o  t h e  base of t he  la t ter .  s is  no t  separa ted  by a f i s s u r e  from 
the  f i s s u r e s  of t h e  middle germ l aye r ,  but  can never the less  be d is t inguished  
by t h e  considerable  s ize  and t h e  low pigment content  of  i t s  c e l l s .  The 
entoderm l aye r ,  which toge ther  with t h i s  process extends up t o  the  ana l  
cav i ty ,  i s  2-3 cell  layers  t h i ck  and forms the  rear wall of  a very f i n e  
f i s s u r e  which terminates  t h e  p e l v i c  i n t e s t i n a l  cav i ty  i n  t h i s  region (ed).  

emanating from t h e  entoderm extends /391 - 

In  t h e  t h i r d  sec t ion  through t h e  r e a r  end of the anal  groove (P la te  
18, Fig.  1 2 )  t h e  p i c t u r e  changes once more. Both ana l  fo lds  (a f )  l i e  c lose  
t o  one another ,  separa ted  only by a very narrow groove ( a r ) .  Beneath t h e  
ectoderm follows t h e  middle ge t inuous l aye r ,  well  def ined 
by f i s s u r e s  toward the  in s ide  n comes the  yolk mass with 
the  extension of t he  p e l v i c  i n t e s t i n a l  cav i ty  (ed),  which disappears  i n  
the  next s ec t ions .  

Frontal  s ec t ions  through the  hind end of embryo W (P la te  18, Fig.  8 and 
9) y i e l d  a pendant. Fig.  10 of  embryo G (P la te  ) corresponds t o  F ig ,  8 ,  
which is  a sec t ion  through the  coalescence s u t u r  where ou te r  and inne r  germ 
l aye r s  have fused with t h e  middle germ l aye r  i n  the  medial plane.  Fig.  11 
of embryo G can be compared with Fig. 9 of embryo W, Here, even more than 
i n  t h e  former case, t h e  ana l  groove (a r )  s tands  i n  wider, d i r e c t  connection 
with t h e  l a rge  c e l l e d  entoderm ( ik ) ,  which c loses  t h e  ven t r a l  outpocketing 
(ed) of  t h e  p r imi t ive  i n t e s t i n a l  t r a c t  toward t h e  r e a r .  Here too ,  t he re  
occurs a completely sharp separa t ion  of  the  middle germ l aye r  from t h e  
poin t  of  connection between ana l  groove and t h e  rear i n t e s t i n a l  wall. 
t h a t  ex ten t  t he  p i c t u r e  presents  a state of development somewhat f u r t h e r  
d i f f e r e n t i a t e d  than t h a t  reproduced i n  Fig. 11. 

To 
I 

I 

In  my paper concerning t h e  middle germ l a y e r  o f  amphibians [24] I have 
of  t he  ana l  groove of a normally 
ed with a s t age  o f  ana l  development, 

: 

already given \a corresponding i l l u s  
developed f r o g  embryo. 
which I have s ince  been ab le  t o  observe repeatedly i n  a s e r i e s  of  s ec t ions  

We a r e  he r  

through normal f r o g  embryos. i 
1 

Last, embryo F (P la te  16, Fig.  13) should be noted, whose two t a i l  buds 
(sk) have already developed t o  grea tep  length  and have fused t o  considerable  
ex ten t .  
a x i s ,  t h e  sec t ions  were cut  i n  f r o n t a l  d i r ec t ion .  
of c ross -sec t ions  from which t h e  following four  f i g u r e s  were drawn (Pla te  
18, Fig.  22-25) .  

Since t h e i r  long a x i s  descr ibes  almost a r i g h t  angle with the  main 
This produced t h e  s e r i e s  

In  Fig.  22 t h e  beginning of t h  1 is  cu t  behind the  yolk knob. The 



." sur face  turned  t o  t h e  back is  deeply dollowed ou t  l i k e  a furrow. Both 
margins of t h e  wide furrow are 

'which, running around t h e  expo 
t h e  two s p i n a l  cord rudiments (mp) 

where they  were descr ibed by me 
ve c ross -sec t ions  (P la t e  l ) ] ,  have again approached t h e  
e ;  however, they  a ed by a band of  yolk ce 
es t h e  rear w a l l  o ed) and continues t o  t h  
t a i l  bud. There, where l a r y  p l a t e s  t h i n  medially and 

a t t a c h  d i r e c t l y  t o  t h e  yolk l aye r ,  
s ec t ions  of  a l e f t  and r i g h t  chord (ch) even though it is  very inconspicuous. 
L a t e r a l l y  t h e  medullary p l a t e s  are transformed with a r e f l e c t e d  margin, which 
i s  r a i s e d  above t h e  su r face  l i k e  a f o  , i n t o  t h e  ectoderm which covers t h e  
convexly arched-ventra!, su r f ace  o f  t h  embryo. Beneath t h e  medullary p l a t e  
and chord t h e r e , l  on each s i d e  a b d of  small, pigmented cel ls ,  which 
make up t h e  middle germ l a y e r  and are a ter  divided i n t o  t h e  p r imi t ive  
segments of t h e  t a i l .  Both bands are eparated by a wedge o f  yolk cel ls  
pushing between them. These yolk cel  represent  t h e  i n t e s t i n a l  gland 
l a y e r  and toward t h e  rear enclose a small cav i ty  as an outpocketing o f  t h e  

er  among them again t h e  c ross -  

hind gut .  

In  one of  t h e  following sec t ions  (Fig. 23) a c losure  has  formed on t h e  
The la teral  cover f o l d s  dorsum so t h a t  t h e  yolk mass is  no longer  exposed. 

of t h e  medullary f o l d s  have grown (vp) t o  make contac t  toward t h e  medial 
plane and have un i t ed  with one another .  Thus a very f l a t ,  band-shaped 
s p i n a l  cord (mr) has been formed which e a s i l y  a1 

because only t h e  la te ra l  po r t ions  are thickened and are un i t ed  i n  t h e  middle 
by two r a t h e r  broad, t h i n  e p i t h e l i a l  membranes (vp). Two sepa ra t e  dorsa l  
cords (ch) are a l s o  found beneath t h e  band i n  t h e  former p o s i t i o n .  In  t h e  
c ross -sec t ion  through t h e  t a i l  w e  f u r t h e r  no te  both bands of  t he  middle 
germ l a y e r  and between them a band of yolk cel ls  ( inner  germ layer )  with a 
very small cav i ty  led) which v e n t r a l l y  d i r e c t l y  ad jo ins  t h e  ectoderm. 

recogni t ion  of  t h e  
fus ion  o f  t h e  two halves  which were s t i l l  sepa ra  a s h o r t  t i m e  before ,  /393 

The t h i r d  s e c t i o n  (Fig. 24) fol lows soon af ter  the  one j u s t  descr ibed 
and shows a mass o f  small cel ls ,  only s l i g h t l y  d i f f e r e n t i a t e d ,  i n  which only 
t h e  following rudiments can be d i s t i n  uished i n d i s t i n c t l y :  
mesoblast gands (mk) and t h e  yolk ban s ( ik)  s epa ra t ing  them, which do r sa l ly  
grade i n t o  one another  f o r  some d i s t aqce ;  and 2) two bands which form t h e  
extension of t h e  medullary p l a t e s .  
recognized. The 
e n t i r e  smal l -ce l led  t issue i s  completely enclosed by a c l e a r l y  separa ted  
ectoderm. Vent ra l ly  t h i s  has formed two widely p ro jec t ing  f o l d s  ( a f )  which, 
on a whole series of  s e c t i o n s ,  d e f i n e i t h e  ana l  groove (a r )  t h a t  has a l ready  
been descr ibed with t h e  surface of  t h e  embryo. The base o f  t h e  ana l  groove 
d i r e c t l y  j o i n s  t h e  yolk cel ls  ( ik )  and is a t t ached  t o  t h e  beginning of  t h e  
groove d i r e c t l y  a t  t h e  po in t  where t h e  small c a v i t y  (Fig. 23  ed) was con- 
t a ined  i n  t h e  yolk band s o  t h a t  an opening of  t h e  ana l  groove would again 
produce a d i r e c t  connection with t h  

1 )  t h e  two 

Cqord rudiments can no longer be 
The hollow space i n  t h e  yolk band has a l s o  disappeared. 

o t rus ion  of  t h e  hind gu t .  

The c ross -sec t ion  (Fig. 2 5 ) ,  f l y  was cu t  near  t h e  t i p  of t h e  t a i l  
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end. A s epa ra t e  ectoderm l a y e r  encloqes a mass of small c e l l s  which no 
longer shows any d i f f e r e n t i a t i o n  i n t o  + indiv idua l  rudiments. From t h e  dorsa l  
sur face ,  which s t i l l  shows a s a black pigment band grow 
v e r t i c a l l y  through t h e  germin t h e  v e n t r a l  sur face ,  c 
both ectoderm su r faces ,  which h ed somewhat and not ve 
de l inea ted  from the  c e l l s  s i t  us ,  t h e  pigment band s t i l l  
ind ica t e s  t h e  coalescence s u r  a i l  buds i n  t h e  same manner as 
the  pigment band i l l u s t r a t e d  i n  Fig.  8. 

2. /394 

considerably f u r t h e r  than t h e  forms discussed i n  t h e  preceding chapter .  
For  these ,  a longer i n t e r v a l  (2 t o  3 days more) has a l ready passed s ince  
f e r t i l i z a t i o n .  A t  t h e  head t h e  eye rudiment can be ex te rna l ly  perceived 
because a small lens  sack has and t h e  eye v e s i c l e  is  invagi-  
nated t o  form a cup. In  some 16, Fig.  20, 22) ex terna l  g i l l  
plumes already begin t o  sprout  f o r t h .  
and is sometimes completely enclosed by a small f i n  edge (Fig.  20-22 s f ) .  
In  body and t a i l  t h e  p r imi t ive  segments have developed i n  g rea t  number, and 
i n  t h e  body have begun t o  d i f f e r e n t i a t e  i n t o  muscle f i b e r s .  
ducts are e s t ab l i shed  i n  f u l l  length,  
The primordium of  t h e  h e a r t  is  presen 

The t a i l  reaches a g r e a t e r  length 

The mesonephric 
ded with a wide cav i ty .  

Upon ex te rna l  examination of  t he  embryos only l i t t l e  can s t i l l  be 
not iced  of  t h e  g r e a t  derangement which must a l s o  have ex i s t ed  i n  them as an 
extensive blastopore cleavage a t  an e a r l i e r  age. 
i s t i c  from which an e a r l i e r  derangement may be i n f e r r e d  i s  t h e  pecu l i a r  
pos i t i on  of t h e  t a i l  with respec t  t o  t h e  body. 
embryos, t h e  t a i l  does not  l i e  i n  d i r e c t  extension o f  t he  body a x i s  but  is  
s t rongly  curved back a t  i t s  root  toward t h e  dorsum. 
angle t o  t h e  long a x i s ,  as already o ed i n  t h e  first primordium of t h e  
t a i l  bud i n  t h e  first group, o r  it i more s t rong ly  curved upward and 
forward, s o  t h a t  t h e  t a i l  end f i n a l 1  s p a r a l l e l  t o  t h e  dorsa l  sur face  
and l ies  c lose  above i t .  Thus t h e  e is  i n  a way bent along i ts  
dorsa l  sur face  t o  form a r ing .  Embryos S, V and C (P la te  16, Fig. 20 and 22) 
show the  milder 
B, and P (Fig. 2 1  and 23) show t h e  h ighes t  degree.  

The p r inc ipa l  charac te r -  

A s  i s  t h e  case i n  normal 

E i the r  it forms a r i g h t  

degree of  pa thologica l  arrangement of the  t a i l ;  embryos A, 

If one now examines more c lose ly  such c h a r a c t e r i s t i c  malformations o f  
t he  degree of  development spec i f i ed ,  on the  dorsa l  su r f ace  i n  f r o n t  of t h e  
attachment of  t he  recurved t a i l  one w i l l  f i n d  now a g rea t e r ,  now only a 
small f i s s u r e ,  i n t o  which a po r t ion  o$ t h e  yolk passes .  This dorsa l  f i s s u r e  
had mostly disappeared i n  embryos A, By (Fig. 2 1  d) and C ;  whereas i n  
embryos S, V,  P ,  t h e  f i s s u r e  had disappeared except f o r  a small hole  (uo), 
through which only a l i t t l e  of t h e  could be seen (Fig. 20 ,  22,  23 uo).  
Further,  at  the  roo t  of t h e  curved end and a t  i t s  convex s i d e  which 
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_. corresponds t o  t h e  v e n t r a l  su r f ace ,  ajsmall groove can be seen hemmed i n  by 
sk in  f o l d s .  The groove o f t e n  d i s t ance  i n t o  a furrow t h a t  
continues toward t h e  t a i l  end d a r ) .  The e n t i r e  groove 
looks not  un l ike  a medullary re,  so t h a t  a t  t h e  beginning 
of my inves t iga t ion ,  t h e  supp e rge  t h a t  t h e  rudiment of  a 
second, very rudimentar i ly  de r y  embryo might be present  on 
t h e  main embryo. 
t he  s t r u c t u r e  a l ready  descr ibed as the  anal  groove. 
v i s i b l e  when t h e  embryo i s  a r t i f i c i a l l y  placed so t h a t  it turns t h e  hind 
end d i r e c t l y  toward t h e  observer .  Up 
some la rvae  t h a t  t h e  t a i l  roo t  i s  sep 
v e n t r a l  su r f ace  o f  t h e  body and t h a t  t h e  anal  groove begins with a small 
swel l ing  (Fig.  20-22). 

A s  c l o s e r  examination w i l l  show, w e  are again dea l ing  with 
This becomes b e s t  

l a t e r a l  inspec t ion  one no t i ces  i n  
a t ed  by an indenta t ion  from the  

Among t h e  more developed, o l d e r  malformations t h e r e  was a l s o  one which 
was st i l l  equipped with a continuous t a i l  f i s s u r e  (P la te  16, Fig.  17 ) .  The 
hind end ended i n  two long processes  (rs and Is) which were curved toward 
t h e  back and o r ig ina t ed  on bot  e l l  developed anal  rudiment 
( a r )  . With t h e i r  cone-shaped ossed over each o t h e r  so  t h a t  
t h e  l e f t  h a l f  t a i l  s i d e  reached out  toward t h e  r i g h t  across  t h e  medial p lane  
and t h e  r i g h t  h a l f  reached across  toward t h e  l e f t .  

More p r e c i s e  information about t h e  degree of malformation which e x i s t s  
i n  t h e  embryos of t h i s  group can be learned  only m c ross -sec t ions  made i n  
e i t h e r  t r ansve r se  o r  f r o n t a l  d i r e c t i o n .  Figures 14 (P la t e  19) ,  which 
are taken from a series of c ross -sec t ions  through embryo A,  g ive information 
on t h e  condi t ion o f  t h e  forward and middle po r t ion  of  t he  body. In  i t s  
e x t e r i o r ,  t h i s  embryo is  so  much l i k e  embryo B i l l u s t r a t e d  i n  Fig.  2 1  (P la te  
16) as t o  be mistaken f o r  i t ,  s o  t h a t  I have given no s p e c i a l  i l l u s t r a t i o n  
thereof .  

The f i rs t  c ross -sec t ion  through embryo A is  loca ted  a t  some d i s t ance  
behind t h e  audi tory  v e s i c l e s  (P la te  1 , Fig. 12 ) .  The s p i n a l  cord (mr) 
with heavi ly  thickened la te ra l  halves  i s  somewhat s t r e t c h e d  i n  width; t he  
chord (ch) s i t u a t e d  below it, which i now composed of vesicle-shaped ce l l s  
f i l l e d  with f l u i d ,  i s  no longer c i r c u l a r  as i n  t h e  preceding sec t ions  but  is  
changed i n t o  a c y l i n d r i c a l  body from &eft t o  r i g h t .  Beneath t h e  chord 
follows t h e  esophagus (d) which conceals a small cavi ty ;  beneath t h i s  t h e  
ca rd iac  tube (hz) which contains  a number of blood corpuscles  and is  
enclosed i n  t h e  pericardium. 

In  t h e  fol lowing sec t ions  both lqteral ha lves  of  t h e  s p i n a l  cord 
sepa ra t e  s t i l l  f u r t h e r  and are he ld  toge the r  d o r s a l l y  and v e n t r a l l y  only by 
a t h i n  ce l l  membrane. 
where t h e  doubling of  t h e  s p i n a l  cord and chord t h a t  was a l ready  ind ica t ed  
by broadening, i s  now complete. 
tubes which i n  t h e  medial plane are r a t e d  by a small in t e r space  f i l l e d  
with homogeneous c o l l o i d  matter. E ube i s  composed of  a lateral ,  
heavi ly  thickened wall and a medial 

Thus t h e  s i t ua6 ion  represented i n  Fig.  13 is  developed 

The s p i n a l  cord has d i s i n t e g r a t e d  i n t o  two 

which i s  only a f i n e  membrane 
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- cons i s t ing  of  f l a t t e n e d  ce l l s .  Above /both,  t h e  ectoderm extends as cont in-  
Beneath each h a l f  o f  t h e  s p i n a l  
s s - sec t ion  formed by a fo rk - l ike  

The i n t e s t i n a l  tube pushes 
d i n  p a r t  between both neura l  
s t h e  way is  paved f o r  t h e  

* uous cover (vp) along t h e  dors&%s 
cord l i e s  a chord (chl  and ch ) o f  
d iv i s ion  o f  t h e  forward unpaired chord sec t ion .  
from below between both halve 
tubes,  crowding t h e  divided o 
condi t ion shown i n  Fig.  14. I 

i 

I n  i t s  e n t i r e  appearance Fig.  14 i s  genera l ly  l i k e  t h e  c ross -sec t ion  
through t h e  corresponding region of  mglformation N (P la te  16 , -F ig .  9; Plate  j397  
18, Fig.  3 and 4), which is  younger by seve ra l  days. Only now a l l  organ 
rudiments have d i f f e r e n t i a t e d  considelably f a r t h e r  and, t he re fo re ,  a l s o  
cause a t h i c k e r  f o l d  on both s i d e s  o f  t h e  c e n t r a l  yolk mass which p r o j e c t s  
as a hump; t h e  following p a r t s  of  t he  hump can be d is t inguished  i n  t h e  
f igu re :  
membrane t o  form a tube ;  
t h e  l a t e r a l  t h i c k  wall of  t he  s p i n a l  cord and t h e  ectoderm; 
chord (ch) which is  c i r c u l a r  i 
p r imi t ive  segment (us) lateral  ly i n  a half-moon shape; 4)  t he  
mesonephric duct (ug) with a small cav i ty  which pushes i n  between t h e  pr imi-  
t i v e  segment and lateral  lamina. I n  t h e  l a t te r  t h e  body cav i ty  becomes here  
and t h e r e  v i s i b l e  as a f i s s u r e .  
cord tube with a thickened f o l d  which i s  l a t e r a l l y  a t tached  t o  t h e  yolk mass. 

1)  t he  h a l f  rudiment of t h e  s p i n a l  cord (mr) which is closed by a 
2) a s p i n a l  ganglion, which grows downward between 

3) t h e  l a r g e  
n and which is enclosed by t h e  

The ectoderm discont inues above t h e  s p i n a l  

Sect ions cu t  through t h e  embryo i_n hor izont  d i r e c t i o n  permit even 
fas ter  o r i e n t a t i o n  about t h e  cha rac t e r  and de ree of malformation than 
c ross -sec t ions .  For t h i s  purpose, t h e  embryo i c h  was curved toge the r  
do r sa l ly  t o  form a h a l f  r i n g ,  was i n  hos t  cas 
do r sa l ly  s i t u a t e d  po in t  of  t he  head and t a i l  coincided with the  plane of  t h e  
sec t ion .  
cu t  twice (head and t a i l ,  each by i t s e l f ) ,  ie .  these  por t ions  y ie lded  more 
o r  less clear c ross -sec t ion  p i c t u r e s . k  

o r i en ted  so  t h a t  t h e  most 

Therefore,  i n  a l a r g e  p a r t  of t h e  sec t ions  t h e  embryonic body was 

I refer next  t o  t h e  th ree  ho r i zon ta l  s ec t ions  through embryo V (P la te  
16, Fig.  2 2 ) .  
(uo) is  s t i l l  present  through which the yolk,  however, no longer protrudes 
t o  t h e  ou t s ide .  
t h e  i n s i d e  l i k e  a funnel .  
zonta l  s ec t ions  (P la t e  19, Fig. 7-9) a hole  ( t )  defined by i r r e g u l a r  contours. 
This ho le  is  widest  i n  t h e  sec t ion  (Fig.  8) made mostly do r sa l ly ,  while it 
i s  severe ly  narrowed i n  Fig.  9 ,  which represents  a s e c t i o n  of  t h e  series 
made more v e n t r a l l y .  The e p i t h e l i a l  membrane (ak) t h a t  borders t h e  hole  
cons i s t s  of black pigmented e p i t h e l i a l  cel ls .  

i 

On i ts  back i n  f r o n t  of t h e  t a i l  roo t  only a small stomate 

On t h e  contrary,  a t  t h e  opening t h e  epidermis s inks  toward 
Correspondingly one no t i ces  i n  a l l  t h ree  h o r i -  

1 On t h e  middle of  t h e  t h r e e  sec t ions  (Fig.  7) t h e  s p i n a l  cord (mr, m r  ) /398 
is  cu t  almost exac t ly  lengthwise.  
b las topore  cleavage 
d i s t ance .  
whose la teral  wall i s  heavi ly  t h i c k  , 

cross-sec t ions ,  while t h e  medial wallqis c losed  only by a f i n e  e p i t h e l i a l  

I t ' f o r m s  an oval r i n g  surrounding t h e  
which toward the  t a i l  end i s  in t e r rup ted  f o r  a s h o r t  

The l e f t  and r i g h t  halve t h e  nerve r i n g  represent  a tube 
i n  t h e  manner familiar from t h e  
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. membrane. This c l i n g s  d i r e c t  

l a te ra l  walls o f  bo 

i s  which s inks  deeply i n  a 
- funnel-shape t o  form t h e  bord re cleavage ( t ) .  Where t h e  

e s p i n a l  cord meet i n  f r o n t  and 
o form an undivided v e r  t h e  sec t ion  of  t h  
h is  of r a t h e r  consi  e .  I t  is  c u t  somewhat 
, because it tu rns  b i z o n t a l  i n t o  a more v e r  

d i r e c t i o n  i n  order  t o  pene t r a t e  i n t o  
curved upward. Also toward t h e  t a i l  end two chord sec t ions  (ch) can s t i l l  
be seen. 
f r e e l y  toward t h e  rear. They are ve r  
another  by only a narrow band o f  yolk substance (ds) .  
are e a s i l y  explained i n  t h i s  fash ion:  
s p i n a l  cord/ t w o '  chordae d o r s a l i s  a l s o  make t h e i r  way i n  ho r i zon ta l  d i r e c t i o n  
and, having reached t h e  rear end they t u r n  a t  r i g h t  angles  i n  order  t o  
pene t r a t e  i n t o  t h e  v e r t i c a l l y  r i s i n g  t a i l  end. 

end o f  t h e  embryo, which is  

They l i e  d i r e c t l y  beneath t h e  halves  of  t h e  s p i n a l  cord which end 
inconspicuous and separa ted  from one 

Beneath t h e  sepa ra t e  halves  of  t h e  
Both c ross -sec t ions  

La te ra l ly  from the  nerveYLring and from t h e  mul t ip le  chord sec t ions  
l i e  numerous p r imi t ive  segments (us) which have a l ready  d i f f e r e n t i a t e d  i n t o  
muscle f i b e r s  toward t h e  f r o n t  y separa ted  from each o the r  by 
black pigmented l i n e s .  Their  r e n t  on both s i d e s ,  t o  t h e  l e f t  
1 2 ,  t o  t h e  r i g h t  16, probably because i n  t h e  rear po r t ion  t h e  sec t ion  does 
not  pass  through corresponding segments of  t h e  middle germ l aye r .  

Toward t h e  f r o n t ,  t h e  foremost p a r t  of t h e  dy i s  c u t  which then 
continues do r sa l ly  i n t o  t h e  head segment. Here, he largestmass of yolk 
i s  accumulated i n  t h e  i n t e s t i n a l  canal which, as consequence, i s  g r e a t l y  
swollen.  Fur ther ,  one f i n d s  he re  the  c ross -sec t ion  of  t h e  conspicuous 
mesonephric ducts  (ug), loca ted  on each s i d e  between t h e  p r imi t ive  segment /399 
and lateral  lamina. 

If we pursue t h e  series o f  s ec t ions  somewhat f u r t h e r  toward t h e  abdominal 
region (Fig. 9 ) ,  t h e  nerve r i n g  disappears  gradual ly;  i n s t ead  t h e  ho r i zon ta l  
segments of  t h e  chorda d o r s a l i s  r i se  beneath it-. 
f r o n t  with a g r e a t l y  thickened head, and toward t h e  rear d iv ides  i n t o  two 
branches. Each branch t a p e r s  toward t h e  rear and then tu rns  a t  r i g h t  angles  
i n t o  t h e  t a i l  end, s o  t h a t  two cross-sec t ions  (ch) were found i n  t h e  p i c t u r e  

d i r e c t l y  inc lude  a po r t ion  of  t h e  i n t e s t i n a l  cana l ,  which is  f i l l e d  with 
yolk cel ls .  This corresponds t o  t h e  c ross -sec t ions  obtained from o t h e r  
embryos, where both halves  of t h e  chord with t h e i r  medial su r f aces  c l i n g  
always more o r  less d i r e c t l y  t o  t h e  yolk i n  t h e  region of t h e  b las topore  
cleavage (P la te  1 7 ,  Fig.  2 ,  3,  7, 18, 22;  Plate 18, Fig.  3, 4, 21;  Plate 19, 
Fig. 14 ) .  Moreover, one no t i ces  even ' in  t h e  middle of t h e  fork ,  which is  
formed by t h e  s p l i t t i n g  o f  t h e  chord, t h e  end o f  t h e  ectoderm indenta t ion  
( t )  which opens i n  t h i s  region wi th  a small opening i n t o  t h e  i n t e s t i n e .  
Since it __ narrows i n  a funnel , shape ,  it requ i r e s  a much smaller space than 
i n  Fig.  7.  Sect ions made s t i l l  f u r t h e r  v e n t r a l l y  beneath t h e  chord lead  
completely i n t o  t h e  i n t e s t i n a l  space,  which i s  f i l l e d  with yolk mass. 
l a t te r  forms t h e  cont inua t ion  of  t h  
foremost po r t ion  o f  Fig.  7; on t h e  b a s i s  of analogy with embryos Bg, F, B 

The l a t t e r  begins i n  

~ descr ibed previous ly  (Fig. 7 ) .  In  Figd-9 ,both branches of  t he  chord 

_ -  ~~ 

The 
t r i e n t  yolk which i s  shown i n  t h e  
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_-l (P la te  16, Fig.  18, 13,21) it probabl i  was exposed during an earlier s t a g e  
of  development o f  embryo V t o  t h e  dorsum a t  a t i m e  when t h e  

e was s t i l l  wider ope 

e now pursue t h e  ser  d o r s a l l y  i n  opposi te  d i  
from t h a t  chosen as a s t a r t i n  d iscuss ion  and presente  
Fig.  7, t h e  nerve1 t inuous s t r u c t u r e  (Fig. 
Toward t h e  f r o n t  
of t h e  s p i n a l  cord tube ( m r ) ,  which t u r n s  i n  an obl ique d i r e c t i o n  i n t o  t h e  
head and is  the re fo re  not  cu t  p r e c i s e l y  across  i n  t h i s  f i gu re .  In  f r o n t  of  
it is t h e  e x t r a o r d i n a r i l y  well developed chord (ch).  Toward t h e  rear w e  
encounter t h e  two cross-sec t ions  of  t h e  po r t ion  of t h e  s p i n a l  cord (mr) 
which is  s p l i t  i n t o  two halves  which t u r n  back he re  i n t o  t h e  root  o f  t h e  
t a i l  i n  t h e  form o f  two small tubes s i t u a t e d  c lose  t o  one another ,  toge ther  
with t h e  halves  of  t h e  chord t h a t  belongs t o  them and i s  a l s o  v i s i b l e  i n  

i n  t h e  foremost, normally developed segment 
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cross-sec t ion .  Between t h e  t h r e e  c ross -sec t ions  of t h e  undivided and divided 
s p i n a l  cord t h e  s e c t i o n  c u t s  t h e  ou te r  opening of  t h e  funnel-shaped blas ' to- - 
pore cleavage on t h e  su r face  of t h e  s k i n .  

In  t h e  following sec t ions  of t h  , t h e  c e n t r a l  connection between 
t h e  head and t h e  t a i l  segment of t h e  embryo d isappears .  
region where these  p a r t s  r i se  f r e e l y  above t h e  curved-in dorsa l  su r f ace .  
Thus w e  ob ta in  p a r t l y  obl ique sec t ions ,  p a r t l y  pure c ross -sec t ions  o f  t h e s e  
which w i l l  occupy us l a t e r .  

For we reach t h e  

Corresponding series o f  f r o n t a l  s ec t ions  were made-from embryos S and 
P (P la te  16, Fig.  20 and 2 3 ) .  The f r o n t a l  s e c t i o n  through embryo S (P la t e  
19, Fig.  22) as a whole is  very much l i k e  t h a t  i n  Figure 7. The s p i n a l  
cord i s  cu t  i n  t h e  spot  where, divided i n t o  two ha lves  l i k e  a fork ,  it 
encloses  the  b las topore  cleavage ( t ) .  The l a t t e r  i s  even wider here  than i n  
Fig.  7; both halves  of t h e  s p i n a l  cord are somewhat f a r t h e r  from one another .  
In  t h e  present  f r o n t a l  s e c t i o n  t h e  b las topore  cleavage i s  enclosed toward 
t h e  f r o n t  by ectoderm which, as i n  embryo V,  s i nks  toward the  i n s i d e  f o r  
some d i s t ance  and downward grades i n t o  t h e  yolk mass. 
tube-shaped halves  o f  t h e  s p i n a l  cord toge the r  with t h e i r  thin-wal led 
e p i t h e l i a l  c losure  p l a t e ,  ad jo in  the  sunken ectoderm. Toward t h e  rear, t h e  
border of  t h e  b las topore  cleavage is  omed  by t h e  yolk mass, which can a l s o  
be seen f o r  a s h o r t  d i s t ance  from out  i d e ;  and which from here  continues 
i n t o  t h e  t a i l  r o o t .  cu t  t h r e e  times as i n  Fig.  7, p a r t l y  
across ,  p a r t l y  obl ique;  a more presentab le  obl ique sec t ion  i s  found i n  f r o n t  
of  t h e  p l ace  where both halves  o f  t h e  s p i n a l  cord (mr) have un i t ed  t o  form 
a normal, unpaired rudiment; two f u r t h e r  smaller chord c ross -sec t ions  

(ch , ch ) l i e  a t  t h e  rear end of  each s p i n a l  cord h a l f  and, l i k e  t h e  l a t te r ,  
can be followed r a t h e r  far i n t o  t h e  t a i l  rudiment. 

To t h e  r i g h t  t h e  

The chord is  aga 

1 2 

If w e  continue v e n t r a l l y  i n  t h e  deries of f r o n t a l  s e c t i o n s ,  w e  soon 

i l l u s t r a t i o n  of such a sec t ion ,  

/401 
chance t h e  po in t  of  fork ing  of  t h e  chord beneath t h e  s p i n a l  cord d iv i s ion .  
Meanwhile i n  Fig. 23,  which fu rn i sh  
only t h e  r i g h t  po r t ion  of  t h e  branch is encountered, while t h e  l e f t  follows 
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i n  one of t h e  next  s ec t ions .  
t o  form a f o l d  (ch2) which ea 
cav i ty .  Such tumor-like p r o l i  t h e  chord (chord tumors) @re not  
a t  a l l  rare i n  o lde r  malforma 
segment, e s p e c i a l l y  i n  f r o n t  i n t  o f  d iv i s ion .  In  some cases 
I have observed them i n  even 
here .  

o f  fork ing ,  t h e  chord i s  thickenec 
ion  i n t o  t h e  p r imi t ive  i n t e s t i n a l  . 

i on  of  t h e  forward body 

han i n  t h e  prepara t ion  shown 

F i n a l l y ,  i n  Fig.  15 (P la te  19) a s e c t i o n  is  i l l u s t r a t e d  which has been 
cut  through embryo P (P la t e  16, Fig.  23) i n  a more o r  less t r ansve r se  
d i r e c t i o n ;  thus  i t  d i r e c t l y  c u t s  t he  entrance i n t o  the  b las topore  cleavage, 
from which some yolk s t i l l  appears,  bu t  not  i n  exac t ly  ho r i zon ta l  d i r e c t i o n  
so  t h a t  l e f t  and r i g h t  halves  present  a somewhat d i f f e r e n t  appearance. 
t h e  r i g h t  s i d e  t h e  s e c t i o n  exposed t h e  one s p i n a l  cord h a l f  which l i m i t s  t h e  
b las topore  cleavage i n  i t s  e n t i r e  length .  
a chord c ross -sec t ion  is  always found, a l a r g e r  one (ch) forward, a smaller 

one (ch ) behind. 
i n  t h e  b las topore  region,  continues i n  h o r i  t a l  d i r e c t i o n  beneath t h e  
long i tud ina l ly  cu t  s p i n a l  cord and then t u r  i n  f r o n t  and back a t  r i g h t  
angles i n  order  t o  r i se  v e r t i c a l l y  i n t o  t h e  head and t a i l  of  t h e  embryo, 
which i s  curved toge ther  t o  form a ha 

On t h e  l e f t  s i d e  of  t h e  f i g u r e  t 

On 

A t  i t s  forward and rear ends 

1 Both belong t o  t h e  r i g h t  chord h a l f  t h a t  is s i t u a t e d  

only grazed t h e  su r face  
of t h e  most deeply in f l exed  p o i n t  of t h e  back. e fose ,  on t h e  l e f t  o f  
t h e  'blastopore one sees only t h e  epidermis,  t h a t  l i m i t s  it evenly cu t  and 
making t h e  connection between t h e  c ro  s - sec t ion  of  t h e  t a i l  roo t  s i t u a t e d  
t o  t h e  rear and t h e  c ross -sec t ion  of e body s i t u a t e d  i n  f r o n t .  One no t i ces  
t h e  s p i n a l  cord (mr) and chord (ch2) ice  i n  t h e  c ross -sec t ion ,  first i n  
t h e  forward segment of  t h e  embryo, se  ndly i n  t h e  t a i l  r o o t .  The connecting 
p i ece  _. belonging I -- - t o -  each orEan, which s along t h e  l e f t  l i p  of t h e  b l a s to -  

ars i n  subsequent deeper s e c t i o n s .  
The b las topore  cleavage i s  enclosed by ectoderm (ak) toward t h e  t a i l ,  by 
yolk mass toward t h e  f r o n t .  The t r ansve r se ly  cu t  tubes (ug) are t h e  meso- 
nephric  duc ts .  
u n i l a t e r a l l y .  

' ! po re  i n  h o r i z m t a l  d i r e c t i o n ,  f i rs t  
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They c l i n g  t o  t h e  p r imi t ive  segments which envelop the  chord 

On t h e  t h r e e  embryos, V, S,  P t h e  s t i l l  preserved remainder of  t he  
b las topore  cleavage occupied t h e  do r sa l  region i n  f r o n t  o f  t h e  t a i l  r o o t .  
However, it may a l s o  happen t h a t  t h e  remainder of t h e  b las topore  cleavage 
f a l l s  i n  t h e  middle o f  t h e  region of t h e  t a i l  root  i t se l f .  Actual ly ,  I 
have observed t h i s  i n t e r e s t i n g  condi t ion only i n  one s i n g l e  embryo, namely 
embryo T (P la te  16, Fig.  17 ) ,  bu t  h i t h  a l l  d e s i r a b l e  c l a r i t y  i n  a 
complete c ross -sec t ion  series. Eve su r face  observat ion of t h e  e n t i r e  
embryo (P la te  16, Fig.  17) a t o t a l  ing  o f  t h e  t a i l  could be presumed. 
Both halves  (rs and 1s) o f  t h e  t a i l  a t  r i g h t  angles  above t h e  dorsum 
curved l i k e a h o o k  and t h e i r  ends we ossed over  one another .  The i n v e s t i -  
ga t ion  of  t h e  c ross -sec t ion  series e 19, Fig.  21) showed f u r t h e r  t h a t  
both halves  of  t h e  t a i l  were separa ted  from one another  t o  a complete ex ten t  
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two-thirds of  t h e i r  1 but  t h a t  i n  the  region of 
t he  t a i l  roo t ,  i . e .  a t  t h e  p l  i n t o  the  body, a p a r t i a l  
fus ion  had occurred not  only l s o  ven t r a l ly .  I say p a r  
because only t h e  epidermis o e n t r a l  s ides  was af fec  
the  fusion.  On t h e  o the r  han r e  extended through t h e  
of t h e  t a i l  roo t  and through i r e c t l y  from t h e  outs idel  I - 
i n t o  t h e  p e l v i c  i n t e s t i n a l  c ure  was present  i n  s i x  consecu- 
t i v e  sec t ions ,  from which on n Fig.  2 1 .  One can pursue t h e  
r i g h t  curved t a i l  h a l f  (SI) from the  r o o t  up t o  t h e  hook-like,  turned t i p ;  
and i n  longi tudina l  s e c t i o n  one n o t i  s a t h i n  chord (ch) and above it a 
not  very c l e a r l y  separa ted  s p i n a l  cord h a l f ,  and on the  opposi te  s i d e  of  t h e  
chord numerous pr imi t ive  segments (us )c l ea r ly  separa ted  from each o the r .  O f  
t he  l e f t  t a i l  h a l f  only the  roo t  ( s  ) and i ts  t i p  ( s )  is  encountered, while 
t he  connecting p iece ,  which is crossed by t h e  t a i l  end of  t he  o the r  s i d e ,  
shows up only i n  lower sec t ions .  In t h i s  h a l f ,  which t o  me appears t o  be 

b 

2 

re ta rded  i n  i t s  d i f f e r e n t i a t i o n ,  t h e  chord and s p i n a l  cord cannot be recog- 
nized sepa ra t e ly  from t h e  s m  
formation i s  not iceable  but  n r as on the  opposi te  s i d e .  The e 
mentioned f i s s u r e  now passes  
changes i n t o  the  yolk mass and through it one ge t s  i n t o  t h e  i n t e s t i n a l  
space.  

/403 
l l e d  t i s s u e ,  while pr imi t ive  segment 

t h  t a i l  roo t s  and i n  it the l ec to  

I t  remains t o  concern ourselves  s t i l l  more e l y  with t h e  pecu l i a r -  
e embryos of t h i s  group. i t i e s  of t h e  t a i l  end and with the  ana l  groov 

In most cases  t h e  t a i l  appears e x t e r n a l l  o be normally formed, if we 
d is regard  i t s  pecu l i a r  arrangement t h a t  has a l ready been emphasized (P la te  
16, Fig.  20-22). While i n  e a r l i e r  s tages  t h e  t a i l  develops from two l a t e r a l  
halves  and shows a p a r t i a l  doubling, even i f  it has al ready grown t o  r a t h e r  
considerable  size,  as i n  the  case of  t h e  embryos i l l u s t r a t e d  i n  P l a t e  16, 
Fig.  1 2 ,  13, 8, 18, 19) no doubling can be observed ex te rna l ly  i n  t h i s  group, 
with the  exception of  embryo J ( P l a t e '  16, Fig.  17) ,  whose pronounced double 
t a i l  was already descr ibed.  Only t h e l i n v e s t i g a t i o n  of  a series of cross-  
s ec t ions  shows t h a t  nerve tube and c h b d  have a l s o  doubled i n  these  o lde r  
embryos and t h a t  they present  ha l f  rudiments, which s t i l l  show evidence of  
t h e  e a r l i e r  presence of  a blastopore Cleavage. 

E 

The r e s u l t s  which are presented vary somewhat, as shown by the  cross-  
s ec t ions  through d i f f e ren t  embryos i n  Figures 1-3, 10, 11, 16, 19, 20, 24 
of P l a t e  19. Both s p i n a l  cord tubes and both chordae d o r s a l i s  l i e  f a r t h e s t  
apar t  i n  t h e  t a i l  roo t  s ince  t h e  remainder of  t h e  b las topore  cleavage which 
s t i l l  remains open o r d i n a r i l y  ex tendsr in  t h e i r  region.  
gradual ly  draw toge ther  toward the  t i p  of  t h e  t a i l  u n t i l  they both touch and 
a l s o  fuse  i n  some cases .  The nerve tabe  becomes ex t r ao rd ina r i ly  small and 
narrow, but  a t  first s t i l l  shows t h a t : o n l y  t h e  l a t e r a l  w a l l  is thickened 
and cons i s t s  of spindle-shaped, str 
is  a f i n e  membrane of  f l a t  c e l l s .  tube is  the re fo re  only h a l f  a 
s p i n a l  cord. The chord c ros s - sec t i  

From the re  they 

i e d  c e l l s ,  whereas the  medial wall 

s l ikewise very small, bu t  is  c l e a r l y  
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rom t h e  surrounding /404 
rudiments l i e  a p a r t ,  t h e  i n t e r s p a c  l l e d  with yolk cells which continue 

c wall of t h e  p e l v i c  idI2b9t v4ty i n t o  t h e  t a i l  as a narrow 
thus  represent  a kind o f  pos tana l  gut which, of course,  always 
ollow cav i ty .  

The septum, which i s  formed f r o  
bands of small c e l l s ,  which belong t 
t h e  p r imi t ive  segments o f  t h e  t a i l  
segments have a l ready  been formed o 
n ized  i n  obl ique and long i tud ina l  s 
disappear  while a small c e l l e d  ge r  
i s  des t ined  f o r  subsequent f u r t h e r  d i f f e r e n t i a t i o n .  

o lk  ce l l s ,  a l s o  extends between both 
e middle germ l a y e r  and from which 
r e n t i a t e .  I n  t h e  t a i l  many p r imi t ive  

s i d e s  and they can b e s t  be recog- 
s .  
i s s u e  appears i n  t h e i r  p l ace  which 

Toward t h e  t i p  of t h e  t a i l  they 

The rudiments of  t h e  s p i n a l  cord and chord l i e  f a r t h e s t  a p a r t  from one 
another  i n  Figures 2 and 3 of P l a t e  19, which were cu t  t r ansve r se ly  through 
t h e  t a i l  roo t  of  embryo B (P la te  16, Fig.  21).  The yolk mass (Fig. 3 d) 
t h a t  p ro t rudes  from t h e  b las topore  cleavage which extends t h i s  far ,  contains  
a small f i s s u r e  as t h e  last offshoo 
one o f  t h e  ensuing s e c t i o n s  (Fig. 2 i s  f i s s u r e  has  disappeared toward 
t h e  t i p  of t h e  t a i l ;  a t  t h e  same time t h e  septum (d) (postanal gu t ) ,  which 
c o n s i s t s  of yolk ce l l s ,  has become more narrow i n  t h i s  s e c t i o n ,  s o  t h a t  
t he  nerve tube (mr) and t h e  chord of  t h e  l e f t  and r i g h t  s i d e  have moved 
c l o s e r  toge ther .  This has happened even more on t h i r d  sec t ion  (Fig. l ) ,  
which passes  through t h e  t a i l  end, which, i n  t u r  once again curved 
forward i n  a hook shape, as Fig.  2 1  of  Plate 16 s .  Since t h e  body 
por t ion  of embryo B had served t o  make a series of  c ross -sec t ions ,  t h e  
extreme t i p  of t h e  t a i l  i s  lacking i n  Fig.  1 because it f e l l  i n t o  t h e  region 
of t h e  o t h e r  s e r i e s  of s e c t i o n s .  
lengthwise because of i t s  being curved back, one now sees  numerous p r imi t ive  
segments (us); two nerve tubes (mr) running lengthwise,  bu t  separa ted  only 
by a small in t e r space ;  and i n  t h e  medial plane,  t h e  pos tana l  gut (ds ) ,  a 
long band o f  yolk ce l l s  which sepa ra t e s  t h e  rudiments of  t h e  l e f t  and r i g h t  
s i d e s .  

t h e  p e l v i c  i n t e s t i n a l  cav i ty .  In 

Since t h i s  t a i l  p i ece  is  cu t  more o r  less 

I n  embryo S (P la t e  16, Fig.  20) t h e  double rudiments of  t h e  nerve 
tube and chord l i e  far a p a r t  i n  t h e  t a i l  roo t ;  i n  t h e  middle of t h e  t a i l  
(P la te  19, Fig.  24),  which has  a l ready  developed a conspicuous f i n  crest 
( s f )  d o r s a l l y  and v e n t r a l l y ,  t h e  double rudiments are s t i l l  separa ted ,  t o  
be s u r e ,  but  have moved q u i t e  c lose  toge ther .  Between t h e  l e f t  and ' _  r i g h t  --- 
chord (ch),  but  no longer  between both nerve tubes (mr), yolk ce l l s  (ds) are 
present  as d iv ide r s .  

/405 

1 

The condi t ion of  embryo P i s  s im$lar l~Pla te  16, Fig.  23).  Fig.  15 
(P la te  19) r ep resen t s  a s e c t i o n  through t h e  t a i I  root  o f  embryo P ,  Fig. 
16 a sec t ion  through t h e  middle o f  t h e  t a i l .  Here, a f i n  crest ( s f )  has 
only grown d o r s a l l y .  The pos tana l  gut (ds) pushes here  not  only between 
both chord ha lves ,  but  a l s o  between nerve tubes (mr) which are f a r t h e r  
apa r t .  

- -  
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The s e r i e s  o f  s ec t ions  t yo V (P la te  16, Fig.  22) and C show 
f u r t h e r  p e c u l i a r i t i e s .  A t  t h  of t h e  former t h e  doubre rudiments 

i n a l  cord and chord 8 ch, m r )  are already s 
a narrow septum of . In  t h e  cross-sect ion 

e of t h e  t a i l  (Fig. gain equipped with a dor  
and v e n t r a l  f i n  c r e s t  ( s f ) ,  b (mr) touch and are fuse  
one another  through t h e i r  t h i  
they form a septum between t h  
of yolk mass from t h e  postanal  gut (ds) s t i l l  pushes i n  between l e f t  and 
r i g h t  chords (ch l ,  ch2).  In  o t h e r  s e  t i o n s  (Fig. 10) t h e  septum has 
suddenly disappeared i n  the  s p i n a l  co d (mr) so  t h a t  only the  cross-  
s ec t iona l  appearance of t he  c e n t r a l  c 
s t i l l  po in t s  t o  t h e  o r i g i n a l  doubling 

i n  such a way t h a t  toge ther  
which is s t i l l  double. A band 

a l ' t h a t  i s  shaped l i k e  t he  f igu re  8 

F ina l ly ,  i n  embryo C I came upon one las t  v a r i a t i o n  (P la te  19, Fig.  
In  the  c ross -sec t ions  through the  middle o f  t h e  ta i l  t h e  s p i n a l  18-20). 

cord is  simply formed i n  normal manner; however, t h e  chord doubles beneath 

which proached almost t o  the  poin t  it (ch , ch ) .  The chord ha1 
of  touching, a r e  separa ted  by t h e r  t . Beneath them one discovers  
t he  roundish c ross -sec t ion  of t h e  compact postanal  gut (ds) .  

And now some words regarding the  ana l  groove. 

1 2 

In  embryos of t h i s  s t age  
n the  ven t r a l  s i d e  of i n  almost a l l  cases  it has developed q u i t e  c l e a  

the  t a i l  root  and i s  expressed i n  a p e c u l i a r  (P la te  16, Fig.  1 7 ,  
20-23, a, a r ) .  Namely, two segments inguished i n  i t ,  a 
groove-like i n i t i a l  por t ion  and a tub 
formed c lose  t o  t h e  wall of  t he  p e l v i c  i n t e s t i n e  o r  has come i n t o  open 
communication with i t s  cav i ty .  
through a g r e a t e r  number of  t sec t ions  of  t h e  s e r i e s  (P la te  19, Fig.  1, 2 ,  
5, 6 ,  19, 20, 22 ,  23 a r ) .  ; L i  
s i n g l e  l a y e r  of t a l l  e p i t h e l i  
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minal segment which i s  e i t h e r  

For t h e  most p a r t  t h e  e n t i r e  s t r u c t u r e  passes  

t h e  tube,  t h e  furrow (ar )  i s  l i ned  by a 
c e l l s  ) f i l l e d  with pigmented granules .  

I g ive  a s h o r t  desc r ip t ion  o f  anus formation based on some f i g u r e s  
which a r e  taken from the  s e r i e s  of seGtions through embryos By V ,  S, and C .  

On the  v e n t r a l  s i d e  of  t he  t a i l  cjf embryo B (P la te  16, Fig. 21) t h e  
ana l  groove i s  hemmed i n  by very h igh ' fo lds  (a f )  i n  s eve ra l  s ec t ions  (P la te  
19, Fig. 1 ) .  These f o l d s  form a c l e a r  pro t rus ion  on the  sur face .  The 
p i c t u r e  is  not  un l ike  t h e  c ross -sec t ion  through t h e  medullary groove. 
one takes  
form a tube,  as Fig.  2 ar shows, thend i f  one does not understand t h e  
r e l a t ionsh ip  of  a l l  t h e  phenomena, t h e  assumption might e a s i l y  be made t h a t  
t he  s p i n a l  cord rudiments of a s tun ted ,  second embryo a r e  p re sen t .  That 
t h i s  supposi t ion is erroneous fol lows;  however, not  only from t h e  e n t i r e  
r e l a t ionsh ip ,  but  pr imar i ly  a l s o  from t h e  f a c t  t h a t  t h e  tube,  which opens 
t o  t h e  outs ide  as a groove, is  conn 
Even i n  Fig.  2 t h e  tube d i r e c t l y  ad 
following sec t ions  it has opened i n  
an outpocketing o f  t h e  p e l v i c  i n t e s t i n a l  cav i ty  i n t o  t h e  y ass (Fig. 3 d) . 

If 
i n t o  account t h a t  t h e  groove then c loses  i n  t h e  same manner t o  

on t h e  i n s i d e  with t h e  i n t e s t i n e .  
t he  yolk mass and i n  one o f  t he  

e hollow space which now appears as 
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The pos i t i on  of t he  groove-shaped segment vs .  t h e  tube- 
such t h a t  t h e  former i s  turned toward the  t i p  o f  t he  t a i l ,  t h e  l a t te r  toward 
the  t a i l  r o o t ,  o r  i n  o the r  wor 0-r l ies  d i s t a l ,  t he  l a t te  

In embryo V (P la t e  16, F i  v e n t r a l  t a i l  reaches far  d 
The ana l  rudiment, which here  e r y  b r i e f l y  and only 
p lace  (P la te  19, Fig.  5 a r ) ,  t o  form a tube (Fig. 
t he  p e l v i c  i n t e s t i n a l  cav i ty ,  e r e  the  v e n t r a l  ta i l  ends. 

Embryo S (P la te  16, Fig. shows us t h e  e n t i r e  ana l  rudiment 
developed t o  g r e a t e r  length and p ro jec t ing  far above the  su r face .  
lower end of  t he  v e n t r a l  ta i l  f i n  the  furrow opens which is  hemmed i n  by 
ex t r ao rd ina r i ly  high f o l d s ,  In Fig.  2 (P la te  19) w e  see i t ,  closed t o  form 
a tube (ar)  and covered by ectoderm. In Fig. 23, a sec t ion  of t he  s e r i e s  
following even f u r t h e r  ventr 'al ly,  t he  c a v i t i e s  of t h e  anal  tube (a r )  and the  
pe lv i c  i n t e s t i n e  (ed),  which meet here ,  j o i n  i n t o  one. 

far as the  ana l  rudiment and the  p e l v i c  i n t e s t i n a l  wall remained here  
completely separa ted  with a t i s s u e  l a y e r  lying between them. 
t h e  groove ( a r ) ,  Fig.  19 t h e  new growth of  t he  groove t o  form a tube.  
However, it terminates  b l ind ,  and i s  ed from t h e  yolk (ds) by a 
stratum of middle germ l a y e r  ( e ra1  sec t ions  l a t e r ,  af ter  t h e  
anal  rudiment i s  no longer p re  
(Pig. 18 ed) .  Therefore, I f e e l  t h a t  i n  t h i s  case a malformation kno 
a t r e s i a  a n i  may have occurred as t h e  r e s u l t  of  s p e c i a l  circumstances. 
a l s o  appears t o  me, which i s  probably connected therewith,  t h a t  t h e  e 
pos i t i on  of t h e  anal  tube i s  somewhat abnorma , i n  t h a t  it has moved 
f r o  r o  

on 
f u r t h e r  embryos. 
b las topore ,  these  a r e  of such s l i g h t  degree t h a t  t he  subsequent development 
of s p i n a l  cord and chord i s  apparent ly  not  adversely a f f ec t ed  (P la te  16, Fig.  
26 and 27).  Both embryos a r e l - s t i l l  i n  a r e l a t i v e l y  e a r l y  s t age  of  develop- 
ment. The egg has changed from a sphe r i ca l  t o  an oval shape and i s  i n  t h e  
s t age  of  t h e  f irst  rudiment of t h e  mequllary p l a t e .  In  the  embryo shown i n  
Fig.  26 t h e  two medullary fo lds  (mw) appear i n  the  normally developed dorsa l  /408 
region i n  t h e i r  f u l l  length both s t i l j  separa ted  from one another  by a 
wide d is tance  and bordering a lyra-shaped f i e l d .  The egg looks i n  every 
respec t  normal up t o  t h e  po in t  t h a t  tfie b las topore  (uo) on t h e  hind end, 
where the  thinned medullary f o l d s  s top ,  s t i l l  presents  a r a t h e r  wide and 
round hole  and permits a l a rge  yolk plug t o  pro t rude  from it t o  t h e  outs ide.  
In  e n t i r e l y  r egu la r  development the  b las topore  would have t o  have changed a t  
t h i s  time a t  the  hind end o f  t h e  embryo i n t o  a q u i t e  small longi tudina l  
f i s s u r e  with l a t e r a l  l i p s  c los ing  toge ther .  

e i s  always 

A t  t he  

- 
Embryo C (P la te  19, Fig.  18-20) p r e s e n t e d p  d icergent  --. condi t ion i n  so  

Fig. 20 shows 

a v i t y  appear i n  t h e  yolk mass 

- 
mations -1 s h a l l  d i s c u s s  two 

Although they show disorders  i n  the  c losure  o f  t h e i r  

' 

- 
- -  _ -  _a . . 

The second embryo (Fig. 27) has ,  on one hand, developed a l i t t l e  
f u r t h e r  than t h e  one j u s t  discussed, because t h e  medullary fo lds  (mw) i n  
the  forward h a l f  of t he  dorsum already approach one another and toge ther  
begin t o  combine. 
pore is somewhat l a r g e r .  
p rese  r y  wide, round hole ,  f i ch  

On t h e  o the r  hand, t h e  d isorder  i n  c losure  of  t h e  b l a s to -  
For i n  t h  h a l f  o f  t h e  dorsum the  b las topore  

c__ 
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protrudes.  l-l___ - Th u l l a r y  -- l_ll fo lds ,  a l r  
forward region onsequently seen 
a t  r i g h t  angles  toward both s 
are soon l o s t  i n  t h e  b las topo  
t h e  yolk plug (P la te  19 ,F ig .  27) t h e r  
p l a t e  has no t  y e t  d i f f e r e n t i a  
a wide e l eva t ion  enc los ing  t h  
without i n t e r r u p t i o n  i n t o  t h e  middle her, l a y e r  (mk), which s inks  i n t o  t h e  
depth between both as a somewhat pigm$nted band of  small cells .  

become lower and 

If we ask ourse lves  how, i n  bothathese cases, t h e  f u r t h e r  course o f  
development might probably proceed, then I th ink  t h a t  I can answer t h i s  
without any h e s i t a t i o n  i n  t h e  first ehbryo, no d i so rde r  i n  t h e  formation 
of chord and nerve tube w i l l  occur and it w i l l  presumably come t o  a delayed, 
t o  be su re ,  bu t  otherwise regular c losure  of  t h e  b las topore  and t o  a 
complete overgrowth by t h e  medullary f o l d s .  
t h e  absorpt ion of t h e  yolk mass i n t o  p r imi t ive  i n t e s t i n e  i s  s t i l l  so  far 
behind t h a t  t h e  medullary p l a t e  and chord w i l l  d i f f e r e n t i a t e  on both s i d e s  
a t  t h e  l i p s  of  t h e  b las topore  c losu re .  I n  Fig.  27 both 
organs are a l ready  present  on t h e i r  rudiments. Therefore,  
an arrest malformation of  a s l i g h t  degree has occurred,  with a s p i n a l  cord 
s p l i t  and a chord s p l i t ,  somewhat of 
with i n  Fig.  14 (P la t e  16) .  

I n  t h e  second case, however, 

e type which w e  became acquainted 

That t h e  b las topore  remains exc a t  a time when t h e  
medullary f o l d s  are a l ready  forming yos shown i n  Fig.  26 and 
27,  i s  moreover a phenomenon which c requent ly  be observed i n  eggs 
which develop very slowly as a c o m e  ' d e f i c i e n t  oxygen supply.  In 
t h e  middle of  spawn b a l l s  which are small ves se l s  without water 
change, one probably always f i n d s  s l a r g e r  number, as I recall 
from o the r  occasions.  t examined ob jec t s  r e t a rded  
i n  t h i s  manner more c lose ly .  
Roux a l s o  mentions t h a t  formal abe r ra t ions  appear f requent ly ,  caused by 
r e t a r d a t i o n s  o r  i n h i b i t i o n s  of some p ocesses  but  are of ten  ad jus ted  i n  
t h e  f u r t h e r  course of  development. 

I I I. Group of Malformations. 

Up t o  now I 
I n  t h e  4ub l i ca t ion  c i t e d  i n  the in t roduct ion ,  

P a r t i a l  Blastopore Cleavage i n  t h e  Anal 
Reg ion. I 

In  t h e  t h i r d  s e c t i o n  embryos are !discussed which are a l ready  r e l a t i v e l y  
far and apparent ly  normally developed, i n  t h a t  t h e i r  e n t i r e  do r sa l  region 
i s  separa ted  i n t o  nerve tube,  chord aQd p r imi t ive  segments and o p t i c  v e s i c l e ,  
audi tory  v e s i c l e  and adhesive d i sk  ar  e s t ab l i shed  (P la te  16, Fig.  28-31). 
However, they  a l l  have a common c h a r a l t e r i s t i c  t which devia tes  from t h e  
normal; they  possess  a sometimes smaller, sometimes l a r g e r  opening (uo), 
e i t h e r  on t h e  hindmost end of  t h e i r  l ang i tud ina l ly  s t r e t c h e d  bodies i f  no 
t a i l  has  y e t  been formed, o r ,  i f  one 3s a l ready  present ,  on t h e  v e n t r a l  

A t  t h e  opening t h e  white yolk 
mass pro t rudes  from t h e  dark ly  p i g  d environment l i k e  t h e  Ruskonian 

, 
' 

- s i d e  d i r e c t l y  i n  f r o n t  of  t h e  t a i l  r o d t .  
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From four  embryos, which I s e l e c t e d  f o r  i l l u s t r a t i o n  and cu t  i n t o  a 
series of  s ec t ion ,  one shown an immense, oval yolk f i e l d  a t  
the  hind end. A t  t h e  upper 1 
(sk) i s  v i s i b l e  i n  the  form o 

d the  f i r s t rudiment  of  t h  

i mbryo Ac (Fig. 29) t h  cupies a corresponding 
but i s  only about a t h i r d  as Ab (Fig. 30) it has moved on 
the  v e n t r a l  s i d e  more t o  t h e  e re fo re  be seen only on v e n t r a l  
examination of  t he  embryo. This s i t u a t i o n  i s  e a s i l y  c l a r i f i e d  from the  fact  
t h a t  i n  t h e  elongat ion of  t h e  back , i t h e  rudiment of t he  t a i l  has grown out  
a l i t t l e  toward t h e  rear over t h e  yolk ho le ,  
embryo H (Fig. 31) i s  the  last f o r  i t , a l r e a d y  possesses a t a i l  p ro jec t ing  
fa r  t o  the  r e a r  and bordered by a small f i n  edge. 
roo t  of  t h e  t a i l ,  almost i n  t h e  same as i n  embryo Ab, embryo H 
possesses an oval opening (uo) f i l l e  

, 

O f  t hese  subsequent states 

In f r o n t  of  t h e  ven t r a l  

In a l l  of t hese  cases  w e  a r e  a1 with t h e  remainder o f  a blasto-  
pore cleavage and i n  t h i s  reg  t u r a l l y  agrees with the  mal- 
formations discussed i n  t h e  f an roups. Only here  it i s  t h e  
por t ion  of t he  b las topore  s i t u a t e d  f a t t h e s t  toward the  r e a r  and v e n t r a l l y ,  
which i s  re ta rded  i n  i ts  normal t ransformation and has been kept open i n  
an abnormal manner. Frontal  and s a g i t t a l  s ec t ions  provide s t i l l  f u r t h e r  
explanat ions about t hese  and o the r  r e  

h i  

In  t h e  c ross -sec t ion  through emb 6,  Fig,  28 and Plate 19, 
Fig. 17) ,  which s t i l l  possesses t h e  w g ,  it becomes not iceable  . 
t h a t  t he  o u t e r  germ l a y e r  i s  d i r e c t l y  
exposed yolk ( ~ 1 2 ) .  While do r sa l  and 
have been e s t ab l i shed  on g a s t r u l a t i o n )  t he  formation of  a ven t r a l  b las topore  

l i p  (ul  ) has ceased. However, s ince  t h e  p e l v i c  i n t e s t i n a l  cav i ty  is formed 
by t h i s  l i p  behind the  yolk mass, t h i s  i s  a l s o  lacking i n  t h i s  case. 

t h e  ven t r a l  s i d e  t o  the  
s of t he  b las topore  ( u l l )  

2 

1 a 
In  t h e  longi tudina l  s ec t ion  of e ryo A c  (P la te  16, Fig.  29 and P l a t e  

19, Fig.  26),  whose b las topore  has be me much narrower, w e  encounter a 
ven t r a l  blastopore l i p  ( ~ 1 2 )  but  as 
Cer ta in ly  t h e  e n t i r e  yolk mass appear$ very severe ly  crowded toward t h e  

hole  it is  very i n s i g n i f i c a n t .  

r ea r .  I 

In  connection with t h e  defec t ive i format ion  of t h e  v e n t r a l  l i p  of  t h e  
blastopore a l l  embryos i n  the  t h i r d  group f u r t h e r  l ack  an anal  groove and 
are thereby d is t inguished  from the  malformations comprising the  first and 
second groups where the  ana l  groove i s  a s t r u c t u r e  which appears comparably i 

groups) however, t h e  v e n t r a l  l i p  o blastopore as w e l l  as t h e  ana l  1 

-groove a r e  not only very premature a l s o  e spec ia l ly  s t rong ly  developed ! 
"and  have formed a p e l v i c  i n t e s t i n a l  i t y .  See e spec ia l ly  Plate 17, Fig.  ; 

8, 9, 15 ed.  , 

designate  the  openingsidiscussed h ., although they  t 
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correspond i n  p o s i t i o n  t o  them. 
the  two I would l i k e  t o  consi  

opore, o u t e r  and ers do n o t  s t and  i n  d i r e c t  
i t h  one another  b 

t o  one another  whi 
l a rge  per foya t ion  , 

A s  a , d i s t i n g u i s h i n g  c h a r a c t e r i s t i c  between 
being dec i s ive .  A t  t h e  l i p s  

by t h e  middle germ l aye r ,  

er  is separa ted  from both and 
i n a t e s  here .  A t  thg  ectoderm and entoderm grade 

corresponding t o  t h e  anal  opening. 
v 
9 

The embryos of  t h e  t h i r d  group discussed thus far present  no abnormal- 

p e c i a l  t a i l  po r t ion ,  c o n s t i t u t e s  t h e  
i t i es  i n  t h e  rudiment of  t h e i r  remain g organs.  Embryo H (P la te  16, Fig.  
31),  which a l ready  possesses  a small, 
only exception upon examination of  t h  series of c ross -sec t ions .  Fig.  28, 
Plate 18 shows one of  t h e  c ross -sec t ipns  c u t  through t h e  remainder o f  t h e  
b las topore  (uo) and t h e  beginning of  t h e  t a i l  roo t .  Vent ra l ly  one sees  t h e  
yolk f i e l d ,  s t i l l  no t  overgrown and enclosed by lateral ,  small b las topore  
l i p s .  Dorsal ly ,  a trace of a not iced .  The s p i n a l  cord 
s i t u a t e d  beneath is  outwardly a f i n e  c e l l  membrane (sch) 
i n  i t s  r e l a t i v e l y  wide c e n t r a  rane pushes i n  from above 
l i k e  a septum. Beneath t h e  s e cross -sec t ions  of  two very 
small chord bundles (ch),  both separa ted  by yolk cel ls ,  which push i n  
between from t h e  do r sa l  wall o f  t h e  i n t e s t i n e .  This doubling of  t h e  chord 
can be observed i n  a series of s e c t i o n s .  I t  soon ceases, toward t h e  f r o n t ,  
while toward t h e  rear it continues fof some d 

From t h e  resu l t  a t  hand it may be s a f e l y  

i n t o  t h e  t a i l .  

ded- that the b las topore  
cleavage, which now e x i s t s  only on t h e  la te r  s i t i o n ,  d id ,  a t  an 
ear l ier  s t a g e  of development, extend 
t a i l  buds are formed, i . e . - s t i l l  more toward t h e  f r o n t  than i n  t h e  case of  
embryo Ad (Plate 16, Fig.  28) .  The b las topore  cleavage must s t i l l  have been 
present  a t  t h e  time when t h e  first d i f f e r e n t i a t i o n  i n t o  nerve tube and 
chord took p l ace  i n  t h i s  region.  
af terward,  t h e  doubling o f  t h e  chord remained as t h e  l a s t  s ign  o f  d i so rde r .  

o r s a l l y  up t o  the  region where t h e  

During i t s  c losure  which occurred soon 

C r i t i c a l  Examination and Evaluation of t h e  Findings 
1 

of  f r o g  eggs s e t  f o r t h  i n  t h e  previouh pages, both t o  t h e  o lde r  concepts of 
morphological systems and t o  t h e  f u r t h e r  improvement and expansion of  
morphological precepts ,  I would l i k e  t o  d i scuss  i n  d e t a i l  t h e  following 
po in t s  i n  t h r e e  chapters :  

In  order  t o  relate t h e  f ind ings  concerning t h e  p e c u l i a r  malformations 

i 
1. The occurrance,  i n  o t h e r  v e r t e b r a t e  an imal .c lasses ,  o f  r 

malformations, and t h e i r  p l ace  i n  theisystem o f  t e r a to logy .  
I 

2 .  The importance of some of  f ind ings  from examination of  m a l -  
formations,  i n  r e l a t i o n  t o  such bas oncepts of v e r t e b r a t e  animal 
morphology as : 

1 
~~"~ II_ ___I.___" .... .. . . '.. .." ... , > 

B 
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t 
a. t h e  b las topore  t concrescence theory,  

b .  t a i l  development growth, 

c. t h e  coelom theor  j i 
i 

3 .  The r e l a t i o n s h i p  of t h e  blasfopore l i p  t o  t h e  formation of  
malformations and t h e  poss ib l e  c a u s e s t o f  some o f  t hese  malformations. 

------- 

1 .  T h e  Occurrence of Similar  Ma formations i n  Other Classes of 
Vertebrate  Animals and Their  Pos i t ion  i n  t h e  S y s t e m  of Teratology. 

The malformations of  f rog  eggs observed by Roux and myself have no 
except ional  s ign i f i cance  i n  t h e  system of  te ra to logy .  Various malformations 
have been repor ted  i n  bony f i s h e s  by Lereboul le t ,  Oel lacher  and Rauber, and 
have been designated by Oel lacher  a s  " t e r a t a  mesodidyma." 
salamanders have been made by Klaussner and by Richter  on chicks.  
m a m m a l s  and i n  man, malformation which belong i n  t h i s  t e x t  
and w i l l  be discussed under t h e  

S tudies  of /413 
Also i n  

a. The terata mesodi m a  o f  bony f i s h e s  

The r e p o r t s  of  Lereboul le t  , e l l a c h e r  and Rauber are of t h e  g r e a t e s t  
i n t e r e s t  because they observe t h e  o r i  i n  of  malfog-mation i n  a r e l a t i v e  
e a r l y  s t a t e  and t h e i r  outcome f o r  somgtime th-ereayter. -TKe.fundamenta 
observat ions of  Lereboul le t  [38] are set  f o r t h  i n  h i s  well-known work: 
" Inves t iga t ions  on t h e  Monst ros i t ies  of  t h e  Pike,  Observed i n  t h e  Egg and 
On t h e i r  Mode of Production". By a r t i f i c i a l  f e r t i l i z a t i o n  of  r e l a t i v e l y  
small and t r anspa ren t  p ike  eggs t h e  French researcher  has produced a l a rge  
proport ion of  o f f sp r ing  with two and t h r e e  heads, als 
embryos without heads, and f i n a l l y  a F a i r l y  numerous\ 
anomalies which i n  every r e spec t  compbre with our malformed f rog  embryos 
and which had aroused h i s  ear l ies t  i n t e r e s t .  
a simple head i n  t h e  f r o n t  and a simpie t a i l  i n  t h e  r e a r  but  had two bodies 
i n  t h e i r  cen te r  t h a t  were s p l i t  i n  su a manner t h a t  they  formed a more o r  
less e l l i p t i c a l  r i n g  (P la t e  16, Fig.  and 25).  Both arms of t h e  r i n g  
un i t ed  a t  t h e  f r o n t  i n t o  a s i n g l e  he , and a t  t h e  rear i n t o  t h e  s i n g l e  
t a i l .  Each branch of  t h e  r i n g  upon ca re fu l  examination, as Lereboul le t  
po in t s  ou t ,  is not  a complete body, bu t  only a lateral h a l f .  
d i f f e r e n t i a t e  i n  each s i d e  a s p i n a l  h a l f  (mr) and a chordate h a l f  which 

and a normal chorda. 
Furthermore, one no t i ces  on e i t h e r  s i  e a simple row of  p r imi t ive  segments 

one branch s o  t h a t  it appears as if 
they were t h e  r e s u l t  o f  a lengthwise 
symmetrical ha lves .  Also t h e  simple it ead has only 2 eyes and 2 audi tory  
v e s i c l e s .  
h e a r t  i n  each h a l f ,  as if  na ture  w 
i n  both ha lves .  

which produces 

These were embryos which had 

One can 

. u n i t e  i n  t h e  head po r t ion  t o  a normal sp ina l - co rd  k ' 

t I which only encompass t h e  o u t e r  s i d e  o 
i v i s i o n  of a simple embryo i n t o  two 

On t h e  o t h e r  hand, t h e r e  w b s  i n a , g r e a t  number o f  cases a d e f i n i t e  
tempting t o  dup l i ca t e  t h e  same organ 

" - ~ _- r - - _ X I - - ~  - --.L-"--_ -.I.-- ~ _ _  ^x_ .-." - - ~ _'..------- If I 
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If t h e  embryo l i v e d  f o r  half-bodies  came toge ther  and 
un i t ed  a t  t h e  mid-line t o  suc  
l i k e  opening a t  t h e  base o f  t Tied. Lereboul le t  t he re fo re  
concludes , "Embryonic dup l i c  from t h e  separa t ion  of t h e  
symmetrical p a r t s  o f  t h e  norm 
two embryonic bodies i n  these  n r e a l i t y  only h a l f  -bodies.  

f i n a l l y  only a s l i g h t  r ing-  

i s  what makes me  say  t h a t  t h e  

.. 
From t h i s  s o r t  o f  malformation i& becomes apparent t h a t  of t h e  two body 

.. halves  which enclose t h e  opening i n t o  t h e  yolk sac  from t h e  germinal d i sk  
one i s  e i t h e r  r e t a rded  i n  i t s  development o r  i s  completely suppressed, a 
s i t u a t i o n  which, I have noted, is  thejsame i n  t h e  f r o g  malformations (P la t e  
16, Fig. 15-16 and Plate 18, Fig.  27)! 

Lereboul le t  could observe i n  the  p ike  a l s o  t h e  f i rs t  formation of  t h e  
following malformation i n  t h e  ring-forming germinal mound (embryogenic 
swel l ing) .  
cephal ic  process  which does not  e longate  i n t o  a p r imi t ive  s t r e a k ;  i n  t h i s  
case t h e  germinal mound i t s e l f  became unusually t h i c k  t o  a complete ex ten t  

In  anomalous eggs t h e  la t ter  develops only a s h o r t  and th i ck  

(P la te  18, Fig.  30);  "it was manifes 
The germinal mound d i s s o c i a t e s  f o r t h  
v e r t e b r a l  p l a t e s  i n  t h e  same way as it would arrange i tself  along t h e  
medullary groove i n  a normal embryo. 
t h e  b a s i s  of  t he  head protuberance an a t  the  r e a r  i n  the  region which 
subsequently gives  r ise  t o  t h e  t a i l .  "Thus , i n  summary, i n  t h e  'monstr 
with which w e  are concerned, t h e  emb g;gives r i se  only t o  
cephal ic  region,  bu t  i s  i t s e l f  t r a n s  t h e  embryonic body, 
t h i s  body i s  composed o f  two halves  because o f  t h e  annular  form of  t h e  
generat ive swel l ing .  The embryonic swel l ing  should the re fo re  be considered 7415 
as a mass, a s o r t  o f  s torehouse o f  organiza t iona l  elements,  and as t h e  po in t  
of departure  of  a l l  t h e  embryonic formations,  r egu la r  o r  anomalous." 

i c h e r  i n  organizable  material". 
a row of s i n g l e  p r imi t ive  

The two rows u n i t e  toward t h e  f r o n t  as 

I have gone somewhat ex tens ive ly  i n t o  t h e  work of  Lereboul le t  because 
it no t  only contains  many worthwhile 
observat ions are made with t h e  correcf  po in t  o f  view. 
work of  Oel lacher  [42] "on terata mesodidyma o f  Salmo sa lve l inus"  i s  of  t h e  
same rank. 

bserva t ions  but  a l s o  because these  
On t h e  whole t h e  

L 

1 
Oellacher  c a r r i e d  out  aritifi'cial f e r t i l i z a t i o n  of eggs of  chars  which 

he obtained from a 1 2  m i l e  s t r e t c h  o f ' t h e  Innsbruck Valley.  
f e r t i l i z e d  eggs, whose number he est imated as 400-500, he found an as tonish-  
i ng  number of  malformations which p r a c t i c a l l y  a l l  belonged t o  t h e  genus 
Mesodidymi. 
he had previous ly  c a r e f u l l y  e s t ab1 i sh .d  ! i n  numerous f e r t i l i z a t i o n s  and 
observat ions of t r o u t .  
t i o n s  i n  t h i s  i n s t ance  i s  due t o  t h e  
from a mountain stream o f  the  spawnin 
were harmed r e s u l t i n g  i n  f e r t i l i z a t i o  

Among t h e  

Thei r  count exceeded f r o  10 t o  twenty times t h e  number which 

I n  my opinion; t h i s  massive incidence of  malforma- 
ong and c e r t a i n l y  arduous t r a n s p o r t  

female f i s h  i n  which t h e  r i p e  eggs 
by more than one spermatozoan during 1 

I t he  subsequent a r t i f i c i a l  f e r t i l i z a  

The malformations examined by t h e  average o l d e r  and 
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more widely i l l u s t r a t e d  than those descr ibed by Lereboul le t .  
cleavage is  e i t h e r  very dee r a long s t r e t c h  ( in  extreme 
cases from the audi tory ive  t o  t h e  t a i l )  o r  it i s  
and takes  i n  only a s h o r t  s t r e t c h  o f  t h e  body, o r  f i n a l l y  it is  ve 

In them t h e  

only a s l i g h t  inde rface of  t h e  t runk.  

xaminations of  Oell I have s t a t e d ,  an en 
o f  t he  work o f  Lereboul le t  p much as the  malformations were 
a l s o  examined by t ransverse  i s  way, it was c l e a r l y  
e s t ab l i shed  t h a t  a l l  pa i r ed  ay a f fec ted .  The eyes,  hear in  
organs, p r imi t ive  v e r t e b r a l  kidneys, pec to ra l  and 
abdominal f i n s  were never f 

Doubling, o r  r a t h e r  cle e de tec ted  i n  unpaired organs 
o r ig ina t ing  i n  the  median p 
outs ide  o f  these  bu t  s t i l l  a r t  and i n t e s t i n a l  canal and 
the  l i v e r  descending from t h e  l a t t e r .  

In the  doubling o f  t he  he 

e s p i n a l  cord and chorda, 

and l i v e r ,  these  f i s h  malforma- 
t i ons  d i f f e r  i n  an i n t e r e s t i n g  way from the  f rog  embryos wherein I never 
observed anything similar,  I reproduce here ,  t o  i l l u s t r a t e  t h e  po in t ,  from 
the  work o f  Oel lacher  a cross-sect ion through an a l t e r e d  embryo of  T r u t t a  
f a r i o  i n  t h e  region of  the  l i v e r  rudiment (P la t e  18, Fig.  29) .  

One can no t i ce  i n  each half-body a r o l l e d  up n a l  cord h a l f  (mr), t h e  
chorda (ch),  c e l l s  o f  which have already become a lveo la r ,  t h e  al ready g r e a t l y  
enlarged p r imi t ive  ve r t eb ra l  p l a t e s  (us) the  Wolffian duct (ug) , underneath 
leaning up aga ins t  the yolk is  an i n t e s t i n e  l i n e d  with a mple e j i t h e l i a l  
shee t  (d) , a r i s i n g  from t h i s  t h e  l i v e r  rudiment ’, (1) which cons i s t s  of- many 
convoluted tubules .  From one t o  t h e  o t h e r  body-half, br idging the  small 
in te rspace ,  no t  only t h e  epidermis but  a l s o  t h e  ectoderm falls over,  t h e  
la t ter  as it l ies d i r e c t l y  upon t h e  yolk.  

The most apparent d i f fe rences  which a r e  not iced  between malformations 
of t h e  f r o g  and of  t h e  f i s h ,  p a r t i c u l a r l y  the  doubling of  h e a r t  and 
i n t e s t i n e ,  can be understood from t h e  normal development o f  t he  h e a r t  and 
i n t e s t i n e ,  p a r t i c u l a r l y  between h a l o b l a s t i c  and meroblast ic  eggs. I n  the  
l a t t e r  t h e  h e a r t  normally i s  i n  the  form of two s i d e  by s i d e  tubes laying 
up aga ins t  t he  l a rge  n u t r i e n t  yolk during i t s  development, while i n  the  
amphibian from the  very beginning the  h e a r t  i s  ven t r a l  i n  t he  egg and 

141 7 

The observat ion o f  Oellacher t h a t  i n  the  foremost p a r t  of  t he  cleavage a 
median p r imi t ive  v e r t e b r a l  p l a t e  occucs on occasion appears t o  m e ,  e spec ia l ly  
i n  view o f  t h e  foregoing f indings o f  Lereboul le t ,  t o  be due t o  an exchange 
which was perhaps induced when a cell  mass from a l a t e r a l  p r imi t ive  ve r t e -  
b r a l  p l a t e  pushed under t h e  chorda he  median s i d e .  

44 



unpaired.  
entoderm as a recognizable t 

ed the  yolk sac, w 
rate from each o the r .  

In  h i s  t ransverse  sec t ions  

Even so ,  i n  meroblast ic  eggs t h e  i n t e s t i n e  separa tes  from t h e  
n o f  a f o l d  o f f  t he  main mass 
ans i n t e s t i n e  and yolk s 

malformations Oellacher:  de te r -  
mined t h a t  i n  the  body p a r t s  r d l y  t o  be normal, i n  t he  f o r e  
body and t h e  t a i l ,  t h a t  t h e  doubling o f  t he  median organs progresses  l i t t l e  
f u r t h e r  and only gradual ly  progresses  t o  t h e  normal state.  
i n t e s t i n a l  ducts u n i t e  first i n t o  a s$mple pr imordial  s t r u c t u r e ,  then the  
two s p i n a l  
case with rog embryo. 

Here t h e  two 

halves  and f i n a l l y  two s t r ands  of  chorda as i n  t h e  

I note  that Oellacher 
ou t  o f  the egg membran d which hav 
ne t o  two weeks earlie e normal i n d i v i -  
ne would take  them f o r  mesodidymi i f  h 

dy l o s t  t h e i r  

o t  previously 
aracteristic curvature  of these  ind iv idua ls  i n  e a r l i e r  s t ages ,  

i n  s t ages  when t h e i r  i nne r  dupl ica t ion  was s t i l l  outwardly v i s i b l e . "  
a l s o  reminds one of  t he  s i m i l a r  condi t ion i n  o lde r  f rog  embryos. 

This 

The p a r a l l e l  between malformed f r o g  and f i s h  embryos can be f u r t h e r  
extended. 
of t h e  body was normal from i t s  widest  po in t  f o r  
occurred i n  t h e  rear end and the  e n t i r e -  
not  fused.  Oel lacher  has wr i t t en  of  similar a t ions  i n  chars  under 
the  t i t l e  o f  Katadidymus. These a r e  embryos, as he has remarked, "in which 
the  t a i l  bud and adjacent  p a r t  o f  t he  rear body up t o  the  upper germinal 
l aye r  which forms a br idge  between the  two is  completely s p l i t .  

In  the  f rog  I have observed a malformation i n  which t h e  fo repa r t  
while t h e  cleavage 
t 
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A t h i r d  i n v e s t i g a t o r  who has worked on s p e c i f i c  cleavages of  t he  body 
of  bony f i s h e s  is  Rauber, whose observat ions a r e  s e t  f o r t h  i n  h i s  w e l l  
known presenta t ion  "Formation and Disturbance o f  Formation i n  t h e  Development 
of Vertebrates ."  Rauber [ S O ,  521 has wr i t t en  about a goodly number of  
f a i r l y  young germinal d i s c s  of  t h e  t r o u t  and salmon i n  which a smal le r  
forward p a r t  develops normally bu t  t h e  adjacent  body p a r t  is  s p l i t ,  being 
separated i n t o  two halves  by a considerable  in te rspace .  
halves  of  The embryonal r i n g  have already d i f f e r e n t i a t e d  organ beginnings 
without having come c l o s e r  i n  t h e  midale o r  having joined toge ther  i n  t h e  
normal embryon a lves  of t h e  embryo is the  

I yolk sac which e r  has previously s t a t ed , '  
covered with a t h e  ectoderm and which spans 
from one s i d e  t o  the i n  one ins tance  note  de fec t s  
i n  the  formation of o ng. (Fig. 52, Fig. 21). 

Lef t  and r i g h t  

1 

b .  Terata mesodidyma of  amphibians I 
Outside the  f rog ,  mesodidymus up t o  now has been observed one t i m e  i n  

Salamandra maculata and has been descr ibed by Van Klaussner [33] .  Head and 
- _. 

1 
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t a i l  are s i n g l e  and p o s i t i o n  themselves as a knol l  perpendicular ly  over t he  
yolk mass. The po r t ion  betwee addle-back body s p l i t  i n t o  two 
halves  which e n c i r c l e  t h e  b l a s  is  f i l l e d  with yolk (Klau 
Plate 8, Fig.  49).  

Spina Bifida > 

Malformations i n  such e a r l y  s tagys  as w e  have been a b l e  t o  observe i n  
amphibians and f i s h e s  are not  known t o  us i n  r e p t i l e s ,  b i r d s  and mammals. 
Thei r  s tudy is  more d i f f i c u l t  i n  every r e spec t .  F i r s t ,  t h e  f e r t i l i z a t i o n  
process  p re sen t s  experimental  d i f f i c u l t y  because it takes  p lace  wi th in  t h e  
female sexual  organs.  Secondly, it is not  poss ib l e  t o  secure  a l a rge  number 
of eggs which show e a r l y  s t ages  of  malformations because some are encased i n  
an opaque s h e l l  ( r e p t i l e s  and b i r d s )  and some are i n t e r n a l  i n  t h e  mother 
(mammals). We, the re fo re ,  only see  malformation from time t o  t i m e  (by 
opening a malformed chicken egg o r  by pa thologica l  premature b i r t h )  o r  w e  
learn t o  recognize them when t 
development and i s  born. In t 
ear l ier  d is turbance  of t h e  dev r e s u l t s  i n  a more o r  l e s s  
pa thologic  and monstrous s ing1  cause, t h e  dis turbance i t se l f ,  
i t s  earliest  appearance i n  t h e  developmental process  remains unknown t o  us 
and can a t  b e s t  be e luc ida ted  with a lesser o r  g 
by comparison with t h e  normal course of  developm 

Here t h e  s tudy of  malformations ve r t eb ra t e s  can be o f  g rea t  

r e a t u r e  i s  a t  t h e  end of i t s  
e only t h e  end r e s u l t  o f  an 

e r  degree of accuracy 

value i n  i n t e r p r e t a t i o n .  In  amphibi 
t i o n  fol low a malformation i n  i t s  de 
t h e  way u n t i l  a l l  of t he  organs have been d i f f e r e n t i a t e d  and are func t iona l .  
So w e  see 
have a gene t i c  o r i g i n ,  how f o r  i n s t ance  the  doubling of t h e  s p i n a l  chord and 
chorda,; poss ib ly  
caused by t h e  b las topore  cleavage remdining open f o r  an abnormally long 
time. When w e  nou see, i n  t h e  h igher  v e r t e b r a t e s ,  t h e  las t  s ign  of  a 
d is turbed  development such as cleavage of  the  s p i n a l  chord o r  t h e  v e r t e b r a l  
column o r  of  both a t  once, we are jus t j i f ied  i n  making a comparison with t h e  
lower ve r t eb ra t e s .  
turbance i n  t h e  i d e n t i c a l  condi t ion which has shown i t s e l f  i n  t h e  beginning 
of t h e  development process  t o  be a de fec t  i n  t h e  g a s t r u l a t i o n  process  during 
the  c los ing  o f  t h e  normal b las topore  

The malformation of  t h r e e  highe 
which are of  a "comparative t e r a t o l o  

sh  we can by p a t i e n t  observa- 
from i t s  beginning s t age  a l l  

how malformations of  s i n g l e  organs i n  f u l l y  developed animals 

t h e  i n t e s t i n e  and %he l i v e r  of f i s h e s  and amphibians,are 

We are no less j u q t i f i e d  t o  seek t h e  cause of  t he  d i s -  

' 

a1 classes and p r imar i ly  man 
own i n  t h e  l i t e r a t u r e  under 

' 
I t h e  name of  sp ina  b i f i d a .  i j 

Richter  [SS, 561 has  l a t e l y  concerned himself with t h e  s tudy of sp ina  
- b i f i d a  i n  chicks and has experiment sought t o  induce t h e  condi t ion by 
varying temperatures during t h e  i n c  on per iod .  
t h r e e  cases of sp ina  b i f i d a  i n  58 eggq, combined with congeni ta l  p 

I n  one experiment he had 
s i o n  
I_ -.I--^- - I I_- - ^ "  - - - X I  - ~ -_^_ . - "_-- x.."--_-lll..-l 
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of  the  b ra in  from t h e  s k u l l ,  while t h  

A In  one case t h e  s i t e  of  tfi e was i n  t h e  t e r  between t h e  

o t h e r  a t tempts  were without r e s u l t .  

two forward ex t r emi t i e s .  In  s e  s t h e  s p i n a l \  d __ was g r e a t l y  
enlarged i n  width and he ight ,  
i n t o  two halves  by a d iv id ing  

over with a f i n e  membrane, "This i s  e spec ia l ly  inc l ined  during f u r t h e r  
development t o  hypertrophy downwards colossafly.7 Unfortunately,  I cannot 
f i n d  i n  t h e  foregoing communication of Von Richter  any re ference  t o  the  
suppression o f  t he  ve r t eb ra l  column, p a r t i c u l a r l y  t h e  chorda d o r s a l i s ,  
which is extremely important t o  the  understanding o f  the  formation. 
widening of  t h e  c e n t r a l  canal ,  t h e  formation of  a separa t ing  wal l ,  t he  - _-- skin-  
l i k e  c los ing  membrane over widely separated halves  o f  t he  sp ina l j co  
remind one o f  similar f ind ings  i n  malformations of f r o g  embryos. 

a1 g r e a t l y  widened and 
a ra t ed  i tself .  from the  

+ t t ached  i tself  t o  t . In  more extreme cases 
d halves  i n  t h e  do r c l e  a fos sa  which i s  closed 

The 

Spina b i f i d a  of  man, one of  the  most widely observed malformations o f  

O f  those who concern themselves with t h e  dis turbance with which we 
our  sp ines ,  cont r ibu tes  a r i c h  amoun 
study.  
a r e  concerned I would mention i n  p a r t i c u l a r  t h e  inves t iga t ions  of  W. Koch 
[34] and t h e  encompassing, bas i c  t r e a t i s e  of Von Recklinghausen [54] ,  

f material t o  t h e  quest ion under 

The numerous, well-known de fec t s  o f  sp ina  "_ b i f i d a  _ _  - of  - -  man belong - -  almost - ~- /421 
? e n t i r e l y  - -  t o  t he  post-embryonal per iod ,  s o  t h a t  
qrnccgntered during t h e  developmental per iod r 
d e f i n i t i v e  conclusion. We are n a t u r a l l y  i n t e r e s t e d  i n  the  cases  of  d i sorder  
of t he  g r e a t e s t  magnitude i n  which t n e  Trocess of formation was l e a s t  ab le  
t o  approach t h e  norm. In  t h i s  ve in ,  t h e r e  i s  descr ibed,  f a i r l y  o f t en ,  i n  
the  l i t e r a t u r e  b i f u r i c a t i o n  of t h e  sp ine  which e i t h e r  is  r e s t r i c t e d  t o  t h e  
neck, do r sa l  o r  lower po r t ion  o r  on t h e  o the r  hand involves t h e  e n t i r e  
length from t h e  b ra in  t o  t h e  t e  end (Spina b i f i d a ) .  In  some malforma- 
t i o n s  both halves  o f  t h e  s p i n a l '  
gether  by nerve f i b e r s  from whi 
arise; i n  o t h e r  cases  each spinal l  cord- h a l f  i s  enlarged i n t o  a tube with a 
c e n t r a l  canal  as i s  a l s o  p r a c t i c a l l y  

e x i s t  as p a r a l l e l  p l a t e s  bound t o -  
ach s i d e ,  dorsa l  and v e n t r a l  roo ts  

lways t h e  case i n  f rogs  and f i s h e s .  
- - - . - _  --I 

In  re ference  t o  two exac t ly  desc ibed cases  Von Recklinghauien - -  remarks: 
"one must assume t h a t  here  t h e  embryonal development of  t h e  medullary p l a t e  
followed t h e  unusual course,  t h a t  each ha l f  c losed i tself  o f f  i n t o  a tube 
in s t ead  of  merging with i t s  p a r t n e r  i n t o  one common tube." In  re ference  t o  
h i s  opinion, with-which I agree i n  evpry r e spec t ,  t h i s  is not  a t r u e  doubling! 
of  t h e  sp ina l . co rd . ' subs t ance  bu t  only a d iv i s ion .  The sum of the  mass of 
t he  two halves  i s  only equal ___~_  t o  -- t he  mgss of  an undivided cord" of  t h e  same 

(and before  him, Lereboul le t )  t h a t  
caused by a r r e s t e d  development, whi 
t he  jo in ing  o f  t h e  r i g h t  and l e f t  h 

I t h i s  theory __ i s  t h e  - most na tu ra l  exp 

. l e n g t h .  Von Recklinghausen r e f e r s t o  'the theory advanced by Von Rauber 
s p l i t  formation is a malformation 
e t s  t o  t h a t  s t age  through a delay i n  
s of t h e  germinal r i n g  and adds t h a t  
t i o n  o f  t h e  f ind ing  of  d iv i s ion  of 

~ 
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t he  s p i n a l  c i 



In  the  cleavage of  t h e  s r d  neighboring organs are a l s o  divided. 
In  some cases  t h e  s o f t  b r a i n  

t i o n  of  Von Recklinghausen, a 
dura mater even pushed i t s e l f  

e l f  between the  symmetrical 
-, s p i n a l  cord halves  which are o a tube,  and i n  one obFerva- 

avage between the  two hklves .  
d between the  forward Bnd r e a r  
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Very o f t en  a cleavage of  t a1 column is combined with cleavage Z 

I 
I 

I 

- of t h e  s p i n a l  cord.  The sp ina l  ' open t o  t h e  r e a r  e i t h e r  i n  one 
s p e c i f i c  l oca t ion  o r  f o r  i t s  en t  h due t o  f a u l t y  development o f  t h e  
arched halves  which by a f a u l t  of  t he  s p i n a l  process d id  not  fu se  toge ther  
Rhachischisis p o s t e r i o r ) .  This i s  t h e  most common f inding .  Not a l toge the r  
in f requent ly ,  however, another  cleavage of t h e  ve r t eb ra l  body presents  
i t s e l f  (a Rhachischisis a n t e r i o r ) .  
through t h e  length of  t h e  ve r t eb ra ,  as both halves  o f  t h e  ver tebra ,  which 
can be more o r  l e s s  rudimentary, may be as far  apa r t  as t h e  width of  a 
f inge r .  The defec t  is  f i l l e d  out  with connective t i s s u e .  In  t h e s e e v e r e  
occurrences of  ve r t eb ra l  cleavage the  number of  ver tebrae  a t  hand almost 
never reaches t h e  normal amount. Thereby t h e  ve r t eb ra l  halves which have 
been backed up out o f  t h e i r  normal loca t ion  have undergone a g r e a t l y  d i s -  
p ropor t iona te  development. For t h e  most p a r t ,  they a re  smal le r  than normal, 
some a r e  not iceable  only as small seeds of  bone, where one does encounter 
l a r g e r  p ieces  they a r e  due t o  previous fusions as can be noted by t h e  
demarcation l i n e s  present  on some of  em (Rindfleisch [62]). Unfortunately,  
nothing i s  known about t he  r e t a r d a t i o  of the  i n t e r v e r t e b r a l  d i sc s  with 
t h e i r  ge la t inous  nucleus,  I would li ure inves t iga to r s  t o  look 
back upon t h e  important po in t  t h a t  doubl 
forward ve r t eb ra l  cleavages would pro e doubling of  the  chorda. 

This presents  i t se l f  e i t h e r  as a crack 

gelat inous nucleus i n  

The most severe case of  cleavage f the  ve r t eb ra l  column i s  perhaps 
t h e  malformation descr ibed by Von Bra e [8] o f  t h e  Hallen Museum, which 
genera l ly  presents  i t s e l f  as a double ons t e r .  I t  cons i s t s  of a hemi- 
cephal ic  head, two ve r t eb ra l  columns, o arms, one sternum, and one p e l v i s  
with t h r e e  a t tached  hind ex t remi t ies .  
t h a t  it i s  probable i n  t h i s  case t h a t  t h i s  is  not  r e a l l y  a double malforma- 
t i o n  but  r a t h e r  a cleavage which can 
of  Oel lacher .  Therefore,  the  t h i r d  e traneous extremity must be t h e  r e s u l t  
of  a budding induced by t h e  extreme rearward ex ten t  of  t h e  cleavage of  t he  
embryonal layer .  
paragraph i n  which Von Recklinghausen makes the  statement from h i s  obser- 
va t ions  t h a t  the  underlying reason f o r  sp ina  b i f i d a  must be sought i n  the  
e a r l i e s t  s t ages  of t h e  developmental rocess .  "The notab le  frequency of  
doubling i n  Rhachischisis and rupture  of  t h e  s p i n a l  
important b a s i c  support  f o r  t he  the0 
such an imperfection of s k e l e t a l  development as occurs when t h e  union o f  t he  
two halves  o f  t he  s p i n a l  and medull e r s  i n t o  a simple tube is  hindered. 
When we f i n d  the  l a t te r  r egu la r ly  d d by a f i s s u r e  and when we even 
f ind  a s s p i n a l  f i s s u r e  of t h e  s l i g h t  agnitude such as t h a t  i n  which the re  
i s  a he rn ia  of the  s p i n a l  chord, t h  lomeningocele, w e  must search f o r  

, -  t he  loca l e  of  t h i s  pe r s i s t ance  of  t du l l a ry  groove i n  the  e a r l i e s t  s tages  
of  embryonic development, p r imar i ly  r e t a rda t ion  o f  growth he 

anum [ 431 has already con j ectured 

e c l a s s i f i e d  as a Terata  mesodidyma 

I w i l l  c lose  the  s e c t i o n  on Spina b i f i d a  of man with a 

cord provides an 
t h a t  t h i s  s o r t  o f  sp ina l  cleavage is 

-~ - - ~  
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blastoderm. The muscle Is0 t h e  o r i g i n  of t he  fascia 
seem t o  be s p l i t  from t h  t o  be secondari ly  ruptured o r  

cks i n  growth po ten t i a l . "  

klinghausen and would 1 
re t a rda t ion  o f  t he  grow 
o f  the  b las topore  i n  the  manner 

t h a t  has been f i rmly  e s t ab l i shed  by observat ion i n  amphibians and f i s h e s .  

So it  is  t h a t  understanding of  g rea t  number of malformations is  based 
a1 morphology. on b a s i c  p r inc ip l e s  of  ve r t eb ra t e  an Since these  bas i c  

p r inc ip l e s  have up t o  now not been c r i t i c a l l y  discussed t o  any ex ten t  I 
would l i k e  t o  explore them i n  t h e  sec nd chapter  i n  l i g h t  of r ecen t ly  d i s -  
covered b a s i c  f a c t s .  

2 .  The Importance of t h e  Discoveries Made From Malformations f o r  
Certain Basic Questi r t  Animal Morphology 

a .  The b las topore  theory 

I have designated those pecu l i a r ly  malformed f r o g  embryos as arrest 

than w e  here tofore  could 
malformations. 
amphibians a more ex tens ive  s tudy of  t h e  b las top  
make by observat ion of its normal developmental 
the  ou t se t  t h a t ,  t h a t  which we up t o  now have designated t h e  blastopore i n  
amphibians and o the r  ve r t eb ra t e  animals i n  a s i n g l e  s t age  of  development i s  
always only p a r t l y  t h e  same and subsequently does not  r e t a i n  one and t h e  
same form. Then the  blastopore changes cons tan t ly  i n  the  course of  develop- 
ment i n  form, pos i t i on  and ex ten t .  Beginning a t  first i n  t h e  head region 
of t h e  embryonic s t r u c t u r e ,  it can be found l a t e r  i n  the  region of  t h e  neck, 
s t i l l  l a t e r  i n  t h e  chest  and the  l o i n ' r e g i o n  and f i n a l l y  a t  the  t a i l  bud. 
Therefore,  t he  migration of  t h e  blastbpore from the  head region t o  the  
loca l e  i n  which w e  encounter it keeps pace exac t ly  with t h e  formation of  t he  
p r imi t ive  ve r t eb ra l  p l a t e s .  

Because of t h i s  designat ion it i s  necessary t o  undertake i n  

cess .  - Let us state a& 

I t ,  t he re fo re ,  becomes evident  t 
beginning c loses  i t s  forward end by h 
enlarges  t o  the  r e a r  and s t ays  open some time. Any s i n g l e  developmental 
s t age  o f  t h e  ve r t eb ra t e  embryo, t he re fo re ,  shows us only one s t age  of  t h e  

t the  b las topore  from near ly  i t s  
ing i t s  edges grow toge ther  while i t  



3 

t h e  forward end o f  t h e  s i t e  of t h e  nervous system and chorda d o r s a l i s  a l l  
t he  way t o  t h e  rear and a l s o  

4 
t i r e  hind end o f  t h e  embryo. -.. 1 

The normal g a s t r u l a t i o n  proce b ians  seems a t  first glance t o  
e t iming of  t h e  aforeme t ioned  ! e i 

I cont r ibu te  l i t t l e  t o  t h i s ,  l e g  
- phenomenon. We must look deep r thwhi le  extension of  o r 

knowedge can be gained. 

I t  i s  well-known t h a t  Oscar Schul tze  E631 and Roux [60] have c a r r i e d  on 
a l i v e l y  debate over  t h e  g a s t r u l a t i o n , p r o c e s s  of  t h e  amphibians over  t h e  
las t  few years .  
out i n  support  o f  t h e i r  oppos i te  views by both s i d e s .  
t he  two is s o  g r e a t  t h a t  Roux a t t r i b u t e s  t h e  o r i g i n  of t he  head t o  a po in t  
on t h e  su r face  o f  t h e  egg t o  which Schul tze  a t t r i b u t e s  t h e  t a i l  of  t he  
embryo. 
formative s t age  t o  be a t  a po in t  ba re ly  below t h e  mid-line o f  t h e  egg 's  
su r f ace ,  which p o i n t  gives  r i se  t o  t h e  t a i l  s i t e  of  t h e  embryo. 
t o  him t h e  g a s t r u l a t i o n  proce 
o r  vege ta t ive  h a l f  o f  t h e  b l a  
d i r e c t e d  toward t h i s  f i r m  po i  
animal h a l f  i n t o  t h e  a n t e r i o r  o f  t h e  egg and i s  overgrown by t h e  e p i b l a s t .  
In t h i s  manner t h e  middle tube i s  loca ted  i n  t h e  upper and r i g h t l y  s o  named 
"animal" hemisphere of  t h e  b l a s t u l a .  

Numerous, well thought-out experiments have been brought 
The divergence between 

Schul tze  des igna tes  the  dorsa l  l i p  of  t h e  g a s t r u l a  i n  i t s  ear l ies t  

According 
such a manner t h a t  t h e  lower 
by an invagina t ion  process  

on o f  t he  su r face  of t h e  

Roux i n  sha rpes t  oppos i t ion  t o  S he nerve tube i s  formed . 
on t h e  p r imi t ive  lower h a l f  o f  t h e  eg We can no t i ce  t h a t  t he  
material f o r  t h e  formation of  t h e  medullary p l a t e  on each s i d e  through out-  
growth from t h e  equa to r i a l  edge is pushed down t o  t h e  underside of t h e  egg 
and t h a t  t hese  p l a t e s  come toge the r  and fuse  a t  t h e i r  median p lane .  This 
fus ion  takes  p lace  i n  a head t o  t a i l  d i r e c t i o n .  I n  a1 t t h e  same manner 
t h e  wandering of  t h e  b las topore  takes  place'over near1  70° of t h e  lower 
sur face  of t h e  egg. The g a s t r u l a t i o n  of  t he  egg seems t o  t ake  p lace  by an ~ 

overgrowth o f  t h e  white under h a l f  f r & m  both s i d e s  of  t h e  equator  and through 
b i l a t e r a l  epibole .  An invagina t ion  takes  p l ace  only i n s o f a r  as t h e  n u t r i e n t  
yolk material wanders o r  i s  pu l l ed  aga ins t  t h e  roof of  t h e  cleavage cav i ty  
and rests aga ins t  it u n t i l  t h e  disappearance of t h e  cleavage cav i ty .  

Roux proves t h i s  theory through e l e v e r l y  c a r r i e d  out experiments. When 
5 f e r t i l i z e d  eggs such as were first used by Pf luger  [44] are he ld  under 

tens ion  with t h e  white  po le  he ld  downward, s o  t h a t  t h e  normal turn ings  which 

i 
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Pfluger  has observed, is  formed on thk lower surface of t h e  egg and i s  so 
o r i en ted  t h a t  t h e  t r ansve r se  ' s  somewhat i n  the  area o f  t h e  
f irst  appearance of  t h e  b l a s t  
groove i s  a t  t h e  last remainder o f  t h e  b las topore .  

a p a r t i c u l a r  s i t e  on t h e  egg armed f i n e  needle and 
passing of time examined t h e  embryo t 0  see where he could f i n d  t h e  
scar. 
the  scar la te r  was not l oca t ed  i n  t h e  middle o f  t h e  black hemisphere of  t h e  
medullary tube as 0. Schul tze  would have supposed, bu t  was on t h e  v e n t r a l s i d  
of  t he  embryo. If t h e  first s t age  of  t h e  dorsa l  l i p  of t h e  b las topore  was 
d is turbed  t h e  r e s u l t  was a de fec t  i n  t h e  t r ansve r se  brown groove. In ju r ing  
a beginning g a s t r u l a  on t h e  s i d e  by t h e  mid-line causes a de fec t  nea r  t h e  
middle of  t h e  medullar groove when on t h e  o t h e r  hand an egg a t  t h e  beginning 
of g a s t r u l a t i o n  i s  i n j u r e d  a t  a po in t  i n  the  mid-line where the  b las topore  
l i e s  t h e  r e s u l t  is a de fec t  i n  t h e  caudal end o f  t h e  embryo. 

4. e hind end of  t h e  medullary 
To prove h i s  po in t  

f u r t h e r  Roux conducted some ments i n  which he punctured t 

u 

When t h e  middle of  t h e  black hemisphere of  t h e  b l a s t u l a  was damaged 

Roux found a t h i r d  f a c t o r  s which he descr ibed as 
Asyntaxis medul lar is  and which 
In  these  it i s  immediately apparent t h a t  t he  black hemisphere of  t he  b l a s t u l a  
becomes t h e  v e n t r a l  s i d e  o f  t h e  malformation and t h a t  t h e  vege ta t ive  h a l f ,  * 

bound around with t h e  medullary grooves which are n o t  completely pushed over 
the  equator  of  t h e  egg, gives  r i se  t o  t h e  do r sa l  su r f ace .  

y examined i n  a l l  o f  i t s  s t ages .  

In t h e  controversy between Roux and Oscar Schul tze  over t h e  s i t e  o f  
b las topore  and nerve tube on t h e  su r face  of  t h e  b l a s t u l a  I must take  t h e  
s i d e  of Roux: 
ment o f  t h e  b las topore  as t h e  reader  can i n f e r  from t h e  var ious d iscuss ions  
I have put  f o r t h  i n  var ious p laces  on t h e  b las topore  quest ion.  
of  t h e  experiments and f ind ings  o f  Roux alone it is  poss ib l e  t o  re la te  t h e  
f ind ings  i n  f rog  malformations with t h e  normal g a s t r u l a t i o n  process .  
t h e  same time I f i n d  i n  t h e  p re sen ta t ion  o f  Roux an important po in t  which i s  
not  proper ly  explored, t h i s  is  t h e  i n  
changing developmental process .  Thus e considerably cephalen ter ic  cav i ty  
i s  b u i l t  from a f i n e  invaginat ion whi goes o u t  from t h e  dorsa l  b las topore  
margin and i s  l a t e r  covered with a s i  e shee t  of  c y l i n d r i c a l  e n t o b l a s t i c  
cel ls .  In  t h e  same manner i n  t h e  mo evere of  our malformations which 
ROUX, mindful t h a t  they completely 1 d a primary i n t e s t i n a l  cav i ty ,  a l s o  

I named anen tob la s t i c  and descr ibed as lacking entoderm, the re  i s  sometimes 
present  an elongated s inusoid  cephaloenter ic  c a v i t y  which o r i g i n a t e s  by an 
invagina t ion  (compare Plate 17, Fig and 16 kd) .  In  eggs which develop 
normally, however, t h i s  cav i ty  i s  c ide rab ly  l a r g e r .  Fur ther ,  w e  f i n d  
as t h e  b las topore  progresses  toward 

j t h e  b l a s t u l a  i s  thereby overgrown, t h e r  invagina t ion  occurs.  One t i m e  
t h e  yolk material l ies  aga ins t  t h e  ad jacent  i nne r  wall of  t h e  b l a s t u l a  
causing almost complete o b l i t e r a t i o n  6f t h e  cleavage cav i ty ,  secondly c e l l  
masses grow o f f  t h e  edges of  t h e  b l  
and become t h e  mesoderm, o r  i n  o the  ds ,  t h e  body c a v i t i e s  push inwards 
from t h e  edges of  

a l s o  I agree with h i s  views on the  formation and rearrange-  

On t h e  b a s i s  

A t  

g ina t ion  which occurs during the  

e rear and t h e  vege ta t ive  h a l f  o f  

j 
i 

ore  between t h e  yolk and t h e  entoderm; 



t h e  simple appearing g a s t r u l a t i o n  process  of  amphibians i s  r e a l l y  i n  many 
ways an ex t raord inary  develop 

& 

From our newly gained v an examine i n  a clear 
th ree  po in t s  of  amphibian dev 
monograph on t h e  mesoderm [24 

have a l ready  mentione 

In  eggs o f  t r i t o n s  i n  which the  b las topore  has a l ready  closed t o  a 
small hole  o r  t r a n s f e r r e d  i n t o  a long groove, I descr ibe ,  before  t h e  medul- 
l a r y  grooves appear,  on t h e  do r sa l  su r f ace  a groove which runs forward from 
the  b las topore  which I have given t h e  name backgroove (P la t e  16, Fig.  4-6).  
In t h i s  region t h e  back wall i s  made up of only two l aye r s  o f  c y l i n d r i c a l  
ce l l s ,  t h e  ectoderm and t h e  chorda o r i g i n  which lies under i t  ( the  chordento 
b l a s t )  both l aye r s  are c l o s e l y  bound toge the r  as is  l a t e r  t h e  case between 
t h e  o u t e r  and middle embryonic l aye r s  (P la te  18, Fig.  1-2) .  In  anurids  I 
descr ibe  such a back groove i n  t h e  region of t h e  cover of  t h e  primary 
i n t e s t i n a l  cav i ty  where t h e  chorda o r i g i n a t e s ,  which i s  not  always c l e a r l y  
def ined.  In  t h e  back groove, I t o  the  junc t ion  l i n e  which 
from t h e  beginning of  t h e  g a s t r  
edges o f  t h e  b las topore  progress  rearward a t  a s teady  pace and fuse  toge the r  
a t  t h e  median l i n e .  

has  been l a i d  down as t h e  

The second po in t  concerns t h e  establ ishment  of  t h e  mesoderm. I be l i eve  
t h i s  t o  be t h e  r e s u l t  no t  only of  t h e  
of an outgrowth of  both s i d e s  of  t h e  
masses, some of which represent  t he  c 
primary embryonic l aye r s .  

t h e  b las topore  but  a l s o  
ereby ce l l  

lom pockets ,  push i n  between the  two 

Rabl [45]  d i f f e r e n t i a t e s  a p e r i s  mal and a g a s t r a l  mesoblast depending 
on whether t h e  first or second mode o 
e n t a t i o n  only has s ign i f i cance  i n  the  
b l a s t  according t o  i t s  r e l a t i o n s  with 
of  development. A deeper gene t i c  me  ng cannot be ascr ibed  t o  it. As t h e  
chordal o r i g i n s  b u i l d  themselves i n  fusion s i t e  of  t he  blastopore '  edges 
so t h e  mesoderm i s  formed through an 
before  they have un i t ed  themselves a t  t h e  junc t ion  l i n e .  
i n  t h e  advanced s t a g e  i s  r e f e r r e d  t o  by Rabl i n  a topographical sense,  as 
mesoblast was i n  ear l ier  s t ages  per is tomal  and became g a s t r a l  during t h e  
fusion process  of  t h e  edges of t h e  b las topore ,  
e s t a b l i s h  t h e i r  mesoderm c h i e f l y  through in fo ld ing  o f  the edges o f  t he  
b las topore .  

formation takes  p l ace .  
eographic d i f f e r e n t i a t i o n  \of  - the  me3o- 
eighboring organs a t  var ious s t ages  

This d i f f e r -  

fo ld ing  of t h e  b las topore  edges 
Everything which 

In  one word: t h e  ve r t eb ra t e s  

1 
The t h i r d  po in t  concerns t h e  grohth and formation o f  t h e  hind end o f  

amphibian embryos. I have a l ready  di$cussed t h i s  ex tens ive ly  i n  my previous 
' publ ica t ion  [24] .  

There I have designated t h e  t of somewhat o l d e r  embryos and 
~ t h e  region o f  t he  b las topore  as zo growth and new formation, and have 

" *  ow'from he re  through t h e  a f f ix ing -  shown through following serial see 
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o f  new p a r t s  t h e  mesoderm, t h e  chorda and t h e  medullary tube develop: it 
says on page 87, i . e . ,  o f  f r o  e follows f u r t h e r  toward t h e  

c los ing  o f  t h e  divided b l a s t o  
ment o f  a median undivided ce 
l aye r s .  Then one sees t h e  l a  t i n t o  an ou te r  and an i n n e r  

groove becomes e c t o b l a s t ,  t h e  i n n e r  l dye r  however, i s  the  chordentoblast .  
In  t h e  same manner t h e r e  occur between t h e  two, no t iceable  e c t o b l a s t  de fec t s  
along t h e  border  of  t h e  i n t e s t i n a l  po r t ions  which are separa ted  from each 
o the r  t h e  same width as before ."  The 'same occurrence comes t o  l i g h t  once 
again i n  a somewhat o l d e r  embryo i n  ajsimilar form on re ference  t o  fou r  
t r ansve r se  serial sec t ions  (P la te  23, Fig.  1-4) (p. 89) .  Also f o r  t r i t o n s  
i t  was shown t h a t  t h e  lateral  b las topore  edges fuse  toge the r  (pp. 43-44) and 
the  manner i n  which t h e  ensuing ce l l  mass d i f f e r e n t i a t e s  i n t o  chorda and 
medullary p l a t e  was shown (p. 45).  

e head region from here  ( s e c t i o  b las topore)  one can see t h e  
ion  of both edges t h e  e s t a b l i s h -  

t h e  i n n e r  and o u t e r  embryonic 

* l aye r .  The o u t e r  is thickene l a r y  p l a t e  and with t h e  dorsa l  

Through l o g i c a l  in ference  from these f 
t h e  r e s u l t s  o f  Teleost  development which Ne resented  by H i s  [29] it could 
even then be i n f e r r e d  t h a t  t h e  chordal o r i g  
the  embryo was l a i d  down by a fus ion  process  o f  t h e  edges o f  t he  b las topore .  
Even t h e  pure morphological facts i n d i c a t e  t h i s ,  i f  one examines t h e  s a l i e n t  
po in t s  c o r r e c t l y ,  as I be l i eve  I have shown and which l a t e r  was shown by 
Pf luger  and above a l l  by Roux by experimental s t  
process  of  f rog  eggs. 

ngs and by looking back on 

ven i n  the  foremost p a r t  o f  

s of t h e  g a s t r u l a t i o n  

A t  t h i s  time I would l i k e  t o  make some f u r t h e r  s ta tements  about t h e  
g a s t r u l a t i o n  of  amphibians. 

In  t h e  t r a n s i t i o n a l  zone of animals i n  t h e  vege ta t ive  h a l f  of t h e  

omes t h e  cephaloenter ic  cav i ty .  

e yolk and t h e  ectoderm t o  form t h e  

embryonal su r face  o r  i n  t h e  marginal zone a t  t h e  s i t e  from which t h e  head 
end o r i g i n a t e s  a small invagina t ion  b 
invaginat ion en larges  f u r t h e r  t o  t h e  ar, following t h e  marginal zone, /43 1 
whereby t h e  ce l l  masses grow between 
lateral body c a v i t i e s .  
fo ld ing  edges grow from t h e i r  o r i g i n a l  s i t e  a t  t h e  equator  on over  t he  vegeta- 
t i v e  h a l f  o f  t h e  embryonal sur face .  
a t  t h e i r  nea r  end while t h e  f u r t h e r  e s are wider a p a r t  s o  t h a t  they descr ibe  
t h e  form o f  a horseshoe. A s  they  mee a t  t h e  mid-line i n  t h e  course of  
t h e i r  growth they  fuse  toge the r  from ont  t o  rear. Through t h i s  a t  t h e  
junc t ion  with t h e  cephaloenter ic  cav i ty ,  f i rs t  t h e  primary rudiment of  t h e  
i n t e s t i n e  is  enlarged,  secondly t h e  open end o f  t h e  b las topore  migrates 
caudal ly ,  t h i r d l y  t h e  do r sa l  wall of  the embryo develops and it s t i l l  shows 
t h e  do r sa l  groove corresponding t o  thd  po in t  o f  c losure .  

The 

A t  t h e  same time t h e  edges o f  t he  b las topore  o r  

They approach t h e  middle from both s i d e s  

f 
From t h e  ectoderm i n  the  region of the  dorsa l  groove t h e  medullary 

p l a t e  is  formed and t h e  lateral  b r a i n  groove becomes loca ted  s l i g h t l y  
forward of  t h i s  p o i n t .  From t h e  l a  
s t a r t i n g  po in t .  From t h e  underlyin 
pore edges i n  t h e  do r sa l  groove &he rmed. That 

t he  g a s t r u l a r  invaginat ion has i t s  
e r  r e s u l t i n g  from t h e  fused b l a s to -  

53 



I .  

por t ion  o f  t h e  b las topore  edge which formed t h e  mesoderm (peristomal meso- 
b l a s t )  by in fo ld ing  has now b 
fus ion .  

e sob la s t  i n  t h e  region of  t h e  

The g a s t r u l a t i o n  process  r a longer  time and p . from f r o n t  t o  back. Constant as topore edges en la rg  
which t h e  coelom pockets are developed f u r t h e r  i n  t h e  border  zone: they 
f i n a l l y  c lose  i n t o  a r i n g  oppos i te  t h e  s i t e  o f  one of  t h e  f i r s t  invaginat ions 
of t h e  p r imi t ive  b l a s t u l a .  
vege ta t ive  hemisphere has  then grown 
ended yolk plug.  The b las topore  junc 
The s t i l l  open po r t ion  of t h e  b l a s top  
has migrated from t h e  t r ansve r se  b r a i  
o f  t h e  embryo. 

(Origin of  t h e  v e n t r a l  b las topore  edges) The 
u t  completely t o  t h e  s i d e  of  t h e  open 
on has had a meaningful progression.  
e which i s  now i n  t h e  form of a r i n g  
groove a l l  t h e  way t o  t h e  t a i l  end 

The round hole  al ters by moving i t s  s i d e s  c l o s e r  toge ther  i n t o  an 
elongated cleavage i n  which t h e  fus ion  as before  takes  p lace  from f r o n t  t o  
back, while t h e  open po r t ion  f o r  e r  increases  through growth /432 
( in se r t ion  by d iv i s ion  of  new ce y p a r t i c i p a t e s  i n  t h e  forma- 
t i o n  o f  t h e  t a i l  and d i f f e r e n t i a t i o n  o f  t h e  hind p a r t s ,  a po in t  t o  which I 
s h a l l  r e t u r n  l a t e r  on. 

In t h i s  manner t h e  e n t i r e  dorsa l  su r f ace  of t h e  amphibian embryo with 
i t s  a x i a l  organs from t h e  beginning o f  t he  ne 
t h e  way t o  i t s  hind end i s  formed by fus ion  of  
d i f f e r e n t i a t i o n  processes .  Nerve tube and ch sequent ly  depos i t  
considerable  material across  t h e  wide 

and t h e  chorda a l l  
l a s t spo re  edges and 

topore groove. 

re la te  t h e  d is turbed  g a s t r u l a t i o n  
Between 

I n  our view it can not  be d i f f i  
process  i n  prev ious ly  descr ibed malformations t o  t h e  normal process .  
t he  two, t h e  main d i f f e rence  i s ,  t o  bG su re ,  t h a t  i n  t h e  malformations t h e  
invagina t ion  o f  t h e  cephaloenter ic  cav i ty  and t h e  invaginat ion o f  t h e  coelom 
pockets i n  t h e  border  zone took p l a c e i i n  t h e  way shown i n  t h e  diagram (Pla te  
20, Fig.  17) ,  so  t h a t  t h e  growing toge ther  and fus ion  of  t h e  edges of  t h e  
b las topore  i n  t h e  middle of  t he  back d i d  not  t ake  p l ace  and the re fo re  t h e  
s i t u a t i o n  diagrammed i n  Fig.  19, 20, d i d  not  come t o  pass .  In  t h e  same way 
it i s  poss ib l e  t o  understand how malfqrmations which a t  t h e i r  beginning 
are s o  fa r  removed from the  norm can Zn t h e i r  l a t e r  development r e v e r t  
toward t h e  normal form and cancel out : the  dis turbances t o  a l a r g e  degree. 
The r i g h t  and l e f t  ha lves  of  t h e  back have only t o  grow toge ther  subsequently.  

The s k i l l f u l  reader  w i l l  have noded t h a t  my p resen ta t ion  relates t o  
observances which o t h e r  i n v e s t i g a t o r s  have made;namely those  which H i s  made 
on t e l e o s t  eggs and shark embryos som 
proposed as t h e  concrescence theory.  11 w i l l  t ake  t h i s  opportuni ty  t o  go 
i n t o  t h e  concrescence theory i n  depthtand t o  give my p o s i t i o n  on it 
af terwards.  

time ago and which he r ecen t ly  has  4 
In  h i s  "Letters on Our Body Fo H i s  [29] has s a i d  "In t h e  bony 

. .  .~ . ... . , . -.. . . . "  I" _. , - -  ". 
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f i s h e s  t h e  material f o r  t h e  o r  
and t h a t  those  po r t ions  of t h e  
along i ts  length and elongate  
r i n g  ( the  germinal mound) which d iv ides  i n t o  two lateral  halves  whic 
d i f f e r e n t i a t e d  i n t o  two symme s . Lereboul le t  befo 

these  thoughts subsequently t o  expla in  t h e  malformations o f  p ike ,  as I have 
previously mentioned \ (p. 42) . 

ack i s  i n  t h e  marginal e l eva t ion  
l i e  behind a t t a c h  themselves 
The o r i g i n  o f  t h e  body i s  a f l a t  

* has assigned a similar r o l e  t c swelling" and has c i t e d  

H i s  has come back t o  t h e  same t h  e i n  o t h e r  works, as i n  h i s  presenta-  
t i o n  on t h e  development of  shark embr s [28 ] .  In these  earlier works H i s  
confined himself t o  t h e  p re sen ta t ion  
lar  ob jec t  under examination and d id  no t  attempt t o  e s t a b l i s h  a general  
theory out  o f  t h e  foregoing r e s u l t s .  
opposi te :  t h a t  he cannot p l ace  them i n  t h e  o v e r a l l  scheme of  f i s h  and 
ve r t eb ra t e  animal development. 
medullary tube lend themselves t o  a meaningful formula. 
t h e  las t  anatomical congress h 
t i o n  [31] on t h e  ques t ion  of  e t e b r a t e  animal embryos has 
put f o r t h  a concrescence theory.  

developmental laws f o r  t h e  pa r t i cu -  

A s  a matter o f  fact  he dec lares  t h e  

Not once do t h e  formation of t h e  chorda and 
Conversely, H i s  i n  

a t tempt  and i n  h i s  presenta-  

/433 

From h i s  observat ion t h a t  i n  t h e  bony f i s h e s  and Sea urchins  t h e  
body i s  formed through elongat ion of two la te ra l  ha lves  i n  t h a t  a new 
por t ion  is added from behind t o  t h e  forward embryonic po r t ion  a r i s i n g  f irst ,  
he poses t h e  quest ion whether o t h e r  v e r t e b r a t  
t h e i r  development undergo a meaningful elonga 
He be l i eves  he has  found such i n  t h e  region o f  t he  p r imi t ive  groove and 
neuroenter ic  cana ls .  
even f u r t h e r  extension t o  t h e  f r o n t ,  i n  t h a t  t h e  head process  a r i s e s  from it 
and he des igna tes  it according t o  i t s  importance as a neurochordal groove. 
"The chorda as t h e  f l o o r  o f  t h e  medul4ary p l a t e  grows out  of  the  two lateral 
halves  which came toge ther  i n  t h e  mid-line.  The bui ld ing  and c los ing  of  t h e  
p r imi t ive  groove, t he re fo re ,  goes t h e  e n t i r e  length  of t h e  body with t h e  
formation of  t h e  chorda and t h e  a x i a l  s p l i t t i n g  o f f  o f  t he  medullary p l a t e  
t o  t h e  f ron t . "  

mals i n  any s t age  of 
of  t h e  a x i a l  s t r u c t u r e .  

He t he re fo re  a sc r ibes  t o  t h e  p r imi t ive  groove an 

/434 

Remarkably H i s  denies  t h a t  t h e  b las topore  p lays  any p a r t  i n  t h e  d i f -  
f e r e n t i a t i o n  of  t h e  p r imi t ive  groove Gnd t h e  neuroenter ic  cana ls .  

I neuroenter ic  canal  i n  amniotic ve r t eb ra t e s  breaks through secondar i ly  sets 
it a p a r t  from t h e  b las topore  prev ious ly  noted by Rusconi i n  lower ve r t eb ra t e s  
o r  t h e  b las topore  of Haekels. "The blastopore",  H i s  remarks, "is t h e  
gradual ly  decreasing opening which rega ins  free when t h e  more r ap id ly  
mult iplying upper embryonal l a y e r  ove4grows t h e  less r ap id ly  mu1 t i p l y i n g  
lower h a l f  (out of  t h e  yolk) .  
neuroenter ic  opening. This depends a$ove a l l  on where the  o r i g i n  of t h e  
embryo i s  loca ted  i n  t h e  germinal edge i n  f i s h e s  and amphibians. In a l l  
amniotic ve r t eb ra t e s  t h e  b las topore  a4d t h e  neuroenter ic  opening are s t r i c t l y  
d i f f e r e n t i a t e d  from each o the r .  Th 
def ic iency  while t h e  l a t t e r  on t h e  r hand, i s  a break through, t he re fo re ,  

i 

That t h e  

The b las topore  can be a t  t h e  same t i m e  t h e  

rst i s  t h e  r e s u l t  o f  an overgrowth 
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t h e  neuroenter ic  opening o f  amniotic animals belongs i n  t h e  same category as 
openings such as t h e  mouth an l s o  share  i t s  a x i a l  loca t ion ."  
A t  t h e  conclusion o f  h i s  t rea  t h e  concrescence theory apart 
from t h e  b las topore  quest ion,  view these  gave t h e  first 
understanding of i t ,  and s i n c  o-forming f o l d  i n  p l ace  of 
t he  b las topore  margins h i s  t h  i n  t h e  following sentences:  

In  a l l  c r a n i a l  ve r t eb ra t e  animals t h e  head end of  t h e  body i s  l a i d  
down as a horseshoe formed fo ld  of t h e  e c t o b l a s t .  Between t h e  shanks o f  
t he  horseshoe l ays  t h e  p r imi t ive  groo 
medullary p l a t e  formation was d iscuss  
come o f f  from t h e  edge and may p u l l  t 
i n t o  i t s  l o c a l e  o r  it can form sepa ra t e ly  from t h e  germinal margin. 
f irst  is  t h e  case i n  f i s h e s  and amphibians and t h e  second i n  the  amniotic 
v e r t e b r a t e s ,  
diagonal ly  mediocaudal d i r e c t i o n  from t h e  primary f o l d  o r i g i n ,  t h e  embryo 
becomes narrower and a l s o ,  by ga ther ing  i n  more sideward po r t ions ,  l a r g e r .  
In  lower and i n  h igher  v e r t e b r  t r u c t u r e  i s  formed out  of  two 
s i d e  ha lves ,  t h i s  making t h e  e along t h e  mid-line a common 
phenomenon f o r  a l l  v e r t e b r a t e  animals. 
f i nds  a p a r a l l e l  i n  t h e  growth of  t h e  p r imi t ive  s t r e a k  of worms and 
ar thropods.  

whose importance t o  t h e  chorda and 
above. 
germinal margin p a r t l y  o r  completely 

The embryo forming f o l d  may 

The 

In one o r  t h e  o t h e r  case var ious s t rong  fo rces  work i n  

/435 
In  inve r t eb ra t e s  t h i s  phenomenon 

The concrescence theory has i n  p a s t  years  and a l s o  a t  t h e  recent  
anatomical congress been t h e  sub jec t  of var ious a t t a c k  
Balfour [ lb ]  and Rabl have spoken out  s t rong ly  aga ins t  Balfour dec lares  
t h a t  it p resen t s  a paradox. 
aga ins t  it t h a t  t h e  n u t r i e n t  yolk i n  v e r t e b r a t e  animals i s  loca ted  on t h e  
v e n t r a l  s i d e  of t h e  body and becomes surrounded by t h e  blastoderm so  t h a t  
i n  a l l  ve r t eb ra t e  animals with a l a rge  amount o f  yolk t h e  v e n t r a l  body w a l l  
obviously is formed by a c los ing  of t h e  edges of  t h e  b las topore  a t  t h e  
v e n t r a l  s i d e .  
t h e  dorsa l  walls must a l s o  be formed by a growing toge ther  of  t h e  edges 
of t he  b las topore  which i s  obviously a r educ t io  ad absurdum of  t h e  e n t i r e  
theory."  "If one s t u d i e s  t h e  theory  i n  
t h e  l i g h t  of  comparative embryology, one w i l l  f i n d  it untenable." 

I n  no less a manner Rabl E451 speaks ou t  aga ins t the  theory of H i s .  

n earl ier years  

For o t h e r  reasons he uses a s  t h e  main argument 

"If H i s  and Rauber are co r rec t , "  Balfour continued, "then 

Balfour comes t o  t h e  conclusion: 

Even t h e  fundamental observat ions of t h e  theory i n  bony f i s h  and shark 
embryos are d isputed  by Von Kastschenko E321 on t h e  b a s i s  o f  resblts he 
obtained when-he damaged l i v e  shark embryos by operat ion on t h e  marginal 
e l eva t ion .  Kastschenko i s  convinced, t h a t  t h e  material f o r  t h e  formation 
of  t h e  axial po r t ion  of  t h e  embryonal ody from t h e  beginning is no t  i n  t h e  
marginal e l eva t ion  but  a t  t h e  hind en of  t h e  germinal d i sc ;  t h a t  i s  t h e r e ,  
where i n  f a c t , t h e  formation of t h e  embryo t akes  p lace ."  
conclusion, however, Ruckert [62b] does not  agree with him. He has  cut off 
by opera t ion  on P r i s t u i r u s  embryos one s i d e  of  t h e  marginal e l eva t ion  and 
has l e t  t h e  embryos develop t o  an o 
and then he has observed a lesser d 

I n  t h i s  f i n a l  

r s t age  than those  of Kastschenko; 
iopment amounting a c t u a l l y  t o  a defect  /436 
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i n  t h e  operated s i d e  (by super  

I n  c o n t r a s t  t o  Balfour,  R var ious i n v e s t i g a  
have agreed with t h e  concresc amely Rauber, Roux 

531 dec lares  e monstrosi ty  of  bony f i s h e s  t 
phenomenon produced by t h e  w come toge ther .  I t  is  
p a r t i c u l a r l y  t o  h i s  c r e d i t  t 
phenomenon t o  the  c l o s i n g  o f  t h e  blaszopore.  

o re la te  t h i s  e n t i r e  

Roux [60] f i n d s  t h e  observat ions o f  H i s  regarding t h e  development of  a 
bony f i s h  embryo t o  be i n  agreement with t h e  impressions he has  found during 
h i s  examinations on f rog  eggs. I regard h i s  o f t  mentioned experiments t o  be 
very important and c l a r i f y i n g  t o  the  b las topore  and concrescence t h e o r i e s .  

Lately Charles Sedgwick-Minot [41] has f i n a l l y  dec lared  himself t o  be 
on t h e  s i d e  o f  H i s  i n  an ar t ic le  which i s  very worthy o f  examination: "The 
concrescence theory of t h e  v e r t e  
f o r  a l l  ve r t eb ra t e s  t h e  formatio 
he dup l i ca t e s  H i s  on the  growth junc t ion  i n  t h e  p r imi t ive  streak. 
ve r t eb ra t e  p r imi t ive  s t r e a k  i s  formed by growing toge ther  i n  t h e  a x i a l  l i n e  
of  t h e  f u t u r e  embryo of t h e  two ha lves  of t h e  e c t e n t a l  l ine.>" Thereby Minot 
develops a conception of  t h e  e n t i r e  foregoing process  which is  reminiscent  
of t h a t  of Rauber, according t o  him t h e  fus ing  e s are t h e  edges of  t h e  
b las topore .  The g a s t r u l a  of ve r t eb ra t e  animals a b las topore  which i s  
elongated g r e a t l y  and which c loses  i t sel f  toward t h e  rear as t h e  development 
progresses .  The rearmost po r t ion  which a t  times remains open, i t se l f  is  
t h e  b las toporus .  "Concrescence is ,  then ,  a modified method of u n i t i n g  t h e  
l i p s  of a g r e a t l y  e longated g a s t r u l a  mouth." 

Minot seeks t o  e s t a b l i s h  
po r t ion  by fus ion  i n  which 

"The 

Looking back on t h e  s t o r y  o f  t h e  concrescence theory w e  see something 
which occurs i n  Biology f requent ly ,  i n  t h a t  g r e a t l y  prominent i nves t iga to r s  
are divided i n t o  two segments over it$ worth. 
paradox from i ts  beginning, while o t h i r s  h a i l  it as a very worthwhile lesson.  

I ,myself ,  have not  taken t h e  occ s ion  t o  speak out  on t h e  matter up 

n t  of amphibi'ans- t h e  forward p a r t  

Some dec lare  it t o  be a 

t 

u n t i l  now. I have, however, made obs rva t ions  i n  agreement with it such as 
t h a t  i n  var ious states of  t he  develop 
of  t h e  b las topore  is seen t o  be fused and t h a t  from t h i s  s i t e  of  fus ion  t h e  
chorda and medullary p l a t e  and mesoderm a re  d i f f e r e n t i a t e d  t o  t h e  f r o n t  and 
a l s o  t h a t  t h e  v e r t e b r a t e  animal body 
which are newly b u i l t  a t  i t s  rear end and t h a t  t h e  b las topore  and p r imi t ive  
groove extend themselves from t h e  hea 

longates  by t h e  add i t ion  of  p a r t s  

end i n  t h e  same manner. 
t 

ncfuded. in  my textbkok the  observat ions of  Duval213] as t o  
idge-in t h e  pr imit i i re  groove is  developed and how it 

grows from f r o n t  t o  rear. ing  of  t h e s e  t r u t h s  i n  r e l a t i o n  t o  
t h e  var ious  b e l i e f s  i s  something I not  discussed s o  far .  If I a m  now 

The f u l l  

out  f o r  t h e  first t i m e  on t h e  concrescence I theory-I-muZt f i rs t  _ _  _. - - - _- -- _I I_ 

I 
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state t h a t  cont ra ry  t o  many o t h e r  i n v e s t i g a t o r s ,  I f i n d  t h e  observat ion of 
H i s  t h a t  t h e  germinal bundles os  l a y  themselves down from 
f ron t  t o  back t o  form t h e  a x i  e a very s i g n i f i c a n t  discovery.  
In t h e  same way I echo h i s  meaningful deduction t h a t  t h i s  process  takes 
p lace  i n  t h e  p r imi t ive  groove ad process  o r i g i n a t e s  out  o f  
t h e  foremost po r t ion  o f  t h e  p 
I c i te  t h e  s ta tements  concerning t h e  b las topore  and whatever depends on 
them; and when H i s  a t tempts  t o  sepa ra t e  t h e  b las topore  theory from t h e  
concrescence theory I can only say  t h a t  t he  l a t t e r  only becomes understand- 
ab le  when considered toge ther  with t h e  former. 
f a i l e d  t o  c l a r i f y  t h e  r e l a t i o n  of t he :b l a s topore  t o  h i s  theory "the develop- 
ment o f  t h e  v e r t e b r a t e  body by fusion" t h a t  one can f i n d  t h e  reason why 
i n v e s t i g a t o r s  such as Balfour and Rabl have opposed themselves so s t rong ly  
t o  h i s  propos i t ion .  
S. Minot. 

A s  something which is  wrong, 

I t  is  exac t ly  because H i s  

For t h e  most p a r t  I hold t h e  views of  Rauber and 

After t h i s  h i s t o r i c a l  excursion I would l i k e  t o  go more p r e c i s e l y  i n t o  
how t h e  b las topore  theory and theory are i n t e r - r e l a t e d  and 
how t h e  l a t te r  only becomes un it rests on t h e  foundation 
of t h e  former. The d i f f i c u l t i e s  t h e  way of  t h e  sub jec t  w i l l  
hereby be removed and t h e  b las topore  theory w i l l  i n  i t s e l f  thereby,  I hope 
become clearer.  
concerns t h e  e n t i r e  b a s i s  of  ve r t eb ra t e  bodies from t h e  s imples t  t o  t h e  
most complicated form; how t h e  g a s t r u l a t i o n  proc  
t r i b u t e  t o  our knowledge of t h e  fus ion  of  t h e  b l  
is  l a t e r  no t i ceab le  through t h e  s i t e  o f  t he  chorda and t h e  nerve tube.  

/438 
We should s tudy f irst  a pure ly  morphological quest ion which 

of amphioxus can con- 
opere along a l i n e  which 

The answer t o  t h i s  i s  given i n  t h e  amphioxus monograph of Hatschek [20] .  
This exce l l en t  p re sen ta t ion  of  observat ions guarantees t h e  cor rec tness  of 
i t s  s ta tements .  

1 

The g a s t r u l a  o f  amphioxus can f i d s t  be compared t o  t h e  form o f  a f l a t ,  
oval d i sk  o r  a cap i n  which t h e  subseiuent '  h ind end becomes well def ined,  
t h e  ectodermal ce l l s  are l a r g e r  and among them two s tand  out  by v i r t u e  o f  
t h e i r  g r e a t e r  s ize .  
flows i n t o  t h e  hind end o f t h e  embryo $ ly ing  i n  t h e  dorsa l  sur face .  
has pa ins tak ingly  ;st 
pore takes  p l ace  and 
intermediate  s t ages  t h a t  
p lace  i n  i t s  forward p a r t  
p lace  i n  a l i n e  which later forms t h e  g r e a t e r  po r t ion  o f  t h e  do r sa l  l i n e .  
The g a s t r u l a  mouth belongs comple te lyko  t h e  l a t e r  dorsa l  po r t ion .  
g a s t r u l a  c los ing  along t h e  mid-line dupl ica tes  t h e  same process  i n  annel ids ."  

Later t h e  wide o r i f i c e  connects t o  a small hole  which 

t h e  ques t ioq  of how t h e  narrowing of  t h e  b l a s to -  

by fusion of i t s  edges which takes  

Hatschek 

nclusion by comparison o f  s i n g l e  

d end remains open. "The fusion takes  

The 

I 
1 

If t h e s e  p re sen ta t ions  of  Hatschdk are c o r r e c t ,  as I s u r e l y  be l ieve ,  
then i n  t h e  grown animal t h e  forward qnd of  t h e  b las topore ,  i f  w e  th ink  of 
it as open f o r  i t s  e n t i r e  length ,  becqmes t h e  beginning o f  t h e  nerve tube,  
as i n  amphibians. The chord o r i g i n  I d  form beneath t h e  fusion s i t e  and 
t h e  medullary p l a t e  above it, and t soderm t o  t h e  s i d e  of t h e  chord 

f ~ X - r  
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a 

o r i g i n  by turn ing  ou t ,  s o  t h a t  i n  t h e s e  r e l a t i o n s  a complete agreement 
would a l s o  be made with t h e  r * d i n  the  frog.  

Amphioxus and t h e  amphibians which a r e  mentioned here  as being confirm- 
a to ry ,  give us a secure found 
order ly  and t imely developmen 
of t he  b las topore .  In  both,  c losed  a t  i t s  forward end 
during development before  t h e  chord begins t o  emerge from t h e  chordentoblast  
i n  recognizable form. We are, the re fo re ,  no t  j u s t i f i e d  i n  perceiving i n  
these  processes  a causal  connection is such a way t h a t  w e  can say t h a t  t h e  

I chord i s  formed d i r e c t l y  by fus ion  of  t h e  b las topore  margins. 
r a t h e r  t h a t  a body region i s  formed tbrough t h i s  process ,  i . e . ,  t he  cover of  
t he  p r imi t ive  i n t e s t i n e ,  from which s i t e  the  chorda d o r s a l i s  l a t e r  a r i s e s  
from o r ig ins  which a r e  as y e t  unknown.; 
designated as the  a x i a l  fus ion  l i n e  but  can only ind ica t e  t h i s  by i t s  loca- 
t i o n  a t  the  s i t e  which was once occupied by t h e  opening of  t h e  blastopore.  

can a sc r ibe  t o  them the  
o r t a n t  organs t o  t h e  c los ing  

The t r u t h  i s  

Thus, t he  chorda i s  not  e a s i l y  

/439 

In  t h e  same manner, it cannot b cause of  t he  occurrence of  a 
double chord i n  delayed c l o s i  
i s  t h e  r e s u l t  of t he  growing toge ther  o f  a doubled chord. 
of t he  chord i n  t h i s  case only ind ica t e s  t h a t  t h e  o r i g i n  mater ia l  through t h e  
delay of  t he  normal developmental process has i n  some abnormal way been 
held apa r t  f o r  t h a t  per iod  of  time i n  which d i f f e r e n t i a t i o n  of t h e  o r i g i n a l  
mater ia l  was t o  begin; it is  only a dis turbance 
mental process which causes t h e  s p l i t  and the  
s ign i f i cance .  I t  can be c l a s s i f i e d  with a s i  
t h e  h e a r t  i n  ve r t eb ra t e  animals with mesoblastic eggs which I s e t  apa r t  i n  
g rea t  d e t a i l  i n  my t e x t  book on the  developmental process [ 2 5 ] .  

f ore  t h a t  t h e  simple chord 
Then t h e  doubling 

t h e  t iming of t h e  develop- 
holds no h i s t o r i c a  

ar  defec t ,  t h e  doublpn 

The case i s  d i f f e r e n t  with the  c e n t r a l  nervous system. Here a series 
of causes can a s s e r t  themselves so t h d t  t he  nervous system has been l a i d  
down i n  pr imi t ive  form as a nerve r i n i  around t h e  b las topore  even before  
the  time of  i t s  c losure ,  as t h e  anthozoans teach us. The beginning of  t he  
nervous system h i s t o r i c a l l y  precedes tihe c los ing  o f  the  b las topore  and we 
can t r u l y  say t h a t  l e f t  and r i g h t  halves  of t h e  nerve r i n g  are uni ted  by a 
junc t ion  which forms t h e  forward commiisur. 
nervous system a r e  junc t ion  l i n e s ,  t h  
c los ing  of  t he  blastopore and the  r e a  
medullary p l a t e s  t o  form the  medullar 

/ 4 4 0  

Both commissures of  t h e  c e n t r a l  
forward one being e s t ab l i shed  during 
one during t h e  transformation of  t h e  

A f i n a l  po in t ,  which can now only be b r i e f l y  explored i s  t h e  r e l a t i o n -  
sh ip  of  t he  b las topore  i n  amphioxus and the  amphibians t o  t h e  elongat ion o f  
the  body. 
only a small s i t e  a t  t he  rear end? 
t h e  hind end of t h e  body the re  can berfound a zone of  growth o r  germinal 
zone through which t h e  body elongates  ] i n  a similar manner as i n  the  inve r t e -  
b r a t e s  and which i n  i t s  workings can be compared t o  the  vegetat ion cane a t  
the  end o f  a p l a n t  process .  The i n  
mostly not spoken out  on the  manner 

How does t h i s  progress  t o  %he t i m e  when the  blastopore encloses  
Ndarly a l l  i nves t iga to r s  agree t h a t  i n  

ua l  i nves t iga to r s ,  however, have 
hich t h i s  occurs and usua l ly  have 
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not even brought up the  quest ion.  

Balfour [ l b ]  envis ions i on process  an unfolding process 
while H i s  speaks o f  t he  comi 
amount of mesoblastic segment 
by the  i n s e r t i o n  o f  newly for  
t h e  hind end of  t h e  body. 
of growth, “it would be most s u r p r i s i n g  i f  a smaller middle po r t ion  of t he  
body would grow i n  a completely d i f f e f e n t  manner as t h e  end por t ion .  
t he  nerve tube has c losed and has extended through t h e  neuroenter ic  canal 
t o  t h e  i n t e s t i n a l  tube it has obviously become impossible f o r  any f u r t h e r  
extension i n  length t o  be t h e  r e s u l t  o f  fus ion .“  

o p a r t s .  
i n  t h e  manner of  t h e  chaetopods, 
ween t h e  last  formed segment and 

argument aga ins t  H i s ’ s  theory 

Af te r  

Balfour says t h e  f u l l  

I th ink  otherwise on the  grounds o f  my amphibian examinations and the  
amphioxus work o f  Hatschek. I have e r l i e r  a l ready presented t h e  condi t ion 
t h a t  i n  l a te r  s tages  of  development i f  one examines s e r i a l  s ec t ions  through 
the  hind end of  t h e  body one f i n d s  the  same th ing  whether t he  embryo has 
formed 10, 11, o r  1 2  o r  more pr imi t ive  ve r t eb ra l  p l a t e s .  One always f i n d s ,  
i f  one follows t h e  s e r i a l  s e c t i  
blastopore cleavage, then t h e  e s e l y  s i d e  by s ide ,  then t h a t  
they have fused toge ther  i n t o  a c e l l  s t r a n d  upon which i s  a cleavage t h e  
same as i n  chord and medullary p l a t e ,  while l a t e r b l l y  from t h i s  a new 
pr imi t ive  ve r t eb ra l  p l a t e  i s  pinching i t s e l f  o f f  from t h e  surrounding p a r t s .  
I can envis ion here  a s e r i e s  of  r e l a t e d  but  s epa ra t e ly  occurring s t ages  of 
development. 
p l a t e  a po r t ion  of  t he  b las topore  clo3es o f f  and again a t  t he  establishment 
of  t he  eleventh and twe l f th ,  and so  f o r t h  while t he  remaining open po r t ion  
of  t he  b las topore  behind the  most r ecen t ly  formed segment i s  always/fo+d 
t o  be the  same s i z e ,  we a r e  forced t o  ssume t h a t  t he  r e a r  por t ion  of  t h e  
blastopore has t o  en large  through gro 
end lo ses  through fus ion .  
p lace ,  as Balfour does, i n  f r o n t  of  tye por t ion  of  t he  blastopore remaining 
open but  r a t h e r  i n  t h i s  s t r u c t u r e  i t s e l f .  Ahead o f  t he  b las topore  the re  
occurs only d i f f e r e n t i a t i o n  of cell  mqsses which were e s t ab l i shed  by c e l l  
d ivers ion  i n  the  rear. .In amphioxus t h e  zone of growth i s  d i f f e r e n t i a t e d  
by t h e  presence of l a rge  c e l l s  which Jjatschek has encountered i n  la rvae  of 
var ious s izes;  i n  amphibians through small c e l l e d  germinal t i s s u e .  

/441 

o f r o n t ,  first the  open 

Since a t  the  establishment of t h e  t en th  pr imi t ive  ve r t eb ra l  

t o  the  same degree t h a t  t h e  f r o n t  
I the re fo re  do not  allow t h a t  t h e  elongat ion takes  

’ 

~ 

Even though t h e  d is tance  betweenl the open remaining po r t ion  o f  t h e  
blastopore and t h e  forward b ra in  po r t ion  g e t s  l a r g e r  with t h e  formation of 
each new segment, t h i s  i s  not  evidence o f  a germinal zone i n  f r o n t  of  t h e  
blastopore which i n s e r t s  a new segment between i t s e l f  and the  last  segment. 
We can ga ther  from t h i s  t h a t  t h e  blastopore a c t i v e l y  extends toward the  
r e a r  through growth, 
not  one and t h e  same unchanged organ. 
of an organ which en larges  i tsel f  t h r  ugh growth a t  t h e  hind end and renews 
i tself  t o  t h e  same degree t h a t  i t  i s  dsed up a t  i t s  f r o n t  end by fusion 
and d i f f e r e n t i a t i o n  of  organs. Ther the thoughts brought f o r t h  by 

g-ainst t h e  fus ion  --. . theory - c 

What we s e e  a t  any s i n g l e  s t age  as t h e  b las topore  i s  
I t  i s  merely one of  t h e  var ious s tages  

/442 
s e  upon _I - themselves, 
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The execution of  t h e  blastopore theory and of  t h e  concrescence theory 
i n  many respec ts  encounters g r  l t i es  i n  meroblast ic  eggs than i n  
amphioxus and amphibians. Sin ggs as a r e s u l t  of  yolk abundance 
and t h e  p a r t i a l  cleavage assoc ia ted  with i t ,  many condi t ions are e s s e n t i a l l y  
changed, w e  must above a l l  be 
quest ion,  which arrangements 
blastopore of  amphioxus and t h e  amphibian. 
i s  necessary,  consider ing the  uncer ta in ty  which H i s  has brought anew i n t o  
the  quest ion a l ready  discussed by me i n  my textbook. 
one must know exac t ly  on what c h a r a c t e r i s t i c s  and a t t r i b u t e s  t h e  na ture  of  
t he  b las topore  depends i n  t h e  ve r t eb r  t e  animal. Amphioxus and t h e  amphi- 
bians have taught  us  t h e  following: 

ear regarding the  c a r d i  
i c  egg are equivalent  t 

It seems t o  me t h a t  t h i s  
1 

To decide t h i s  quest ion 

(1) The blastopore is  the  o r i f i c e  of a hollow space which develops 
through invaginat ion from the  blastoderm and permits t h e  i n t e s t i n e  and 
coelom t o  arise from it; 

(2) A t -  t h e  s e a l i n g  o f  t h e  b l a s  
s u p e r f i c i a l  e p i t h e l i a l  l a y e r  change 
the  t o t a l  cav i ty  o r  t he  ou te r  i n t o  t h e  inner  or middle germ l a y e r  by sudden 
change. Only i n  t h e  foremost region of t he  head, where the  invaginat ion 
process has begun, does the  establishment of  a middle germinal l a y e r  no t  
take p lace ,  s o  t h a t  here alone t h e  o u t e r  and inne r  l a y e r  touch d i r e c t l y  f o r  
a longer per iod  of  time; 

s topore  margin o r  l i p )  t h e  
l y  i n t o  t h e  inne r  l a y e r  l i n i n g  

(3) When the  body sacks have developed th ro  
la ter ,  t he re  e a r l i e r )  during the  g a s t  
changes i n t o  t h e  p a r i e t a l  middle laye 

l a t i o n  process then the  ou te r  l aye r  
on t h e  blastopore margin; 

(4) In  t h e  neighborhood of  t he  b las topore  margin the  b ra in  and sp ina l  
cord develop i n  t h e  form of a nerve r ng, which possesses a break only a t  
the  hindmost end where t h e  anus a r i s e  from a por t ion  o f  t he  blastopore;  

(5) The b las topore  margins clos from f ron t  t o  r e a r  i n  a longi tudina l  /443 
su ture  and enlarge simultaneously by + growth tak ing  p lace  from t h e  rear. 
The d is tance  of  t he  remainder of  t h e  
end gradual ly  becomes l a rge r ;  

l as topore  s t ay ing  open from t h e  head 6 

(6) The anus a r i s e s  from t h e  h i  o s t  p a r t  o f  t h e  blastopore . The 
t a i l  bud develops d i r e c t l y  i n  f r o n t  i t .  "--(See p. 68) ; 

(7) When a forward por t ion  of  tfie blastopore has c losed and t h e  r e a r  
por t ion  i s  st i l l  open, one can d i s t i  
g a s t r i c  and a per is tomal  segment of  

On t h e  roof o f  t h e  primary 

u ish  from a topographical view a 
e middle germ l aye r ;  

t e s t i n e  along the  c los ing  seam of t h e  (8) 
blastopore margins , t he  chorda d o r s i l i s  d i f f e r e n t i a t e s  from t h e  chord 
rudiment and pushes between le f t  
germ l aye r ,  while t he  pe r i s tona l  s 
the  blastopore cleavage; 

ght halves  of t he  g a s t r a l  middle 
t is separa ted  i n t o  two halves  by 
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(9) The middle germ lay sacks are therefare es tab l i shed  
i n  p a i r s  t o  a complete ex ten t  
v e n t r a l  b las topore  margin, wh 
rudiment and serves  as a conn 

(10) The b las topore  mar according t o  their  r e l a t i o n  
t o  t h e  middle germ l aye r ,  i n t  t o  a f ron t  segment, on which 
no middle germ l a y e r  develops,  i n t o  the lateral  segment, where it  i s  es tab-  
l i shed  as p a i r s  i n  t h e  form of  two pockets,  and i n t o  the rear ,  unpaired 
segment. I 

A s  it follows from t h i s  compilation, t h e  b las topore  shows an e n t i r e  
sum o f  important c h a r a c t e r i s t i c s  i n  t h e  case o f  amphioxus and t h e  amphibians. 
Only i n  so far as w e  can demonstrate t h e  corresponding characteristics i n  
the  meroblast ic  eggs may be de f ine  t h e  charac te r ized  spot  as b las topore .  
I must, t he re fo re ,  dec la re  myself as decided aga ins t  a s t i l l  widespread 
view, according t o  which t h e  e n t i r e  margin of t h e  germinal d i sk  i n  mero- 
b l a s t i c  eggs is  designated as r g i n ,  nothing i s  more absurd 
than such a comparison. The erminal d i sk  becomes t h e  b l a s t o -  
pore only i n  s o  fa r  as an invaginat ion arises on it and a b las topore  l i p  i s  
formed on which t h e  ou te r  e p i t h e l i a l  l a y e r  changes i n t o  t h e  inne r  l aye r .  

That i s  t h e  case at the  beginning of  g a s t r u l a t i o n  only i n  a very small /444 
area, i n  f r o n t  of which t h e  obl ique b r a i n  swelli  l a te r  comes t o  l i e .  By 
f a r  t h e  l a r g e r  p a r t  o f  t h e  germinal d i sk  margin w s  as before charac te r -  
i s t ics  which belong t o  t h e  e n t i r e  margin before  beginning of gas t ru-  
l a t i o n .  
between t h e  uncleaved yolk and t h e  c e l l  material, and i n  t h i s  way a segment 
of t h e  yolk sphere becoming ever  l a r g e r  rece ives  a c e l l u l a r  coa t ing .  

The cel ls  mul t ip ly ,  whereby merocyte? b r i n g  about a t r a n s i t i o n  

In  order  t o  express  t h e  p r i n c i p l e  d i f fe rence  i n  the  importance of  t h e  
two marginal areas, I have in t roduced ' fo r  you i n  t h e  second e d i t i o n  of  my 
textbook [25] f o r  the very first t ime . the  names b las topore  margin and over- 
growth margin. Soon af terward,  Rabl 1451 a l s o  agreed with my viewpoint.  
When w e  compare a meroblast ic  egg a t  t h e  beginning o f  g a s t r u l a t i o n  with a 
f rog  egg found a t  t h e  same s t age ,  then t h e  overgrowth margin would cor res -  
pond somewhat t o  t h e  marginal zone o f f t h e  l a t te r ,  a zone i n  which t h e  animal 
ce l l s  change i n t o  t h e  vege ta t ive  ce l l s .  If w e  imagine t h a t  t h e  l a t te r  are 
replaced by yolk mass and t h a t  t h i s  is considerably increased i n  volume, 
then w e  have transformed an amphibian g a s t r u l a  i n t o  a , f i s h  g a s t r u l a ,  etc. ,  
i n  t h e  s imples t  manner. 

1 
I n  t h e  f u r t h e r  course o f  developbent t h e  b las topore  margin and t h e  

overgrowth margin show some d i f f e rences  i n  t h e i r  r e l a t i o n  t o  one another  
and t o  t h e  formation o f  t h e  embryo, according as w e  have t h e  egg of  a 
t e l e o s t ,  a sea urchin  o r  a r e p t i l e  an$ a b i r d  before  us.  
c l a r i f i c a t i o n  of  t h i s  I have ske tch  
diagrams f o r  t h e  g a s t r u l a t i o n  proce 
amniote. In  these  I have made t h e  

For a convenient 
ree series of  schematic drawings, 

opore margin d i s t ingu i shab le  at i t s  
a t e l e o s t ,  a sea urchin and an 

I.. .~ . .. " .. . . . .  , ...I. ..._. . .. , . .,. 
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var ious  condi t ions of form by a dark black l i n e ,  t h e  overgrowth margin on 
t h e  o the r  hand as a dot ted  li Fig.  1-4, 7-10). 

What next  b e f a l l s  t h e  t e  n t  (Fig. 1-4) i s  depic te  
Fig.  1, which r ep resen t s  a s o  dvanced s t age .  The b las topore  
l i p ,  which coincided a t  t h e  s 

a p ro t rus ion  d i r e c t e d  toward t h e  middle of  t h e  d i sk .  
from t h e  growing toge the r  of  t h e  l e f t  and r i g h t  halves  of  t h e  b las topore  l i p s  
formed f i rs t ,  according t o  t h e  mechanism f i rs t  discovered by H i s .  These 
l i p s  f o l d  up i n  t h e  d i r e c t i o n  o f  a radium which designates  the  long a x i s  of 
t h e  f u t u r e  embryo, drawn toward t h e  middle of t h e  blastoderm t o  t h e  same 
ex ten t  as t h e  e n t i r e  d i s k  spreads out  f u r t h e r  i n  a sheet over  t h e  yolk 
sphere.  The p a r t  which i s  formed through fo ld ing  and coalescence of  t h e  
b las topore  margin progressing from t h e  f r o n t  t o  t h e  rear i s  t h e  rudiment of  
t h e  head of t h e  embryo which l i k e  a kno l l ,  " l i ke  a pro jec t ion"  (Rauber) 
s i ts  atop t h e  germinal d i s c  margin. 

Three processes  in t e r tw in  

g ina t ion  with t h e  margin o f  
'r t h e  germinal d i sk  and possess  c rescent ,  has now received 

This has r e s u l t e d  

a t i o n  o f  development f o r  a 
longer time. F i r s t ,  an ever-1 t h e  yolk sphere i s  overgrown 
by t h e  germ l aye r s .  
embryo i s  formed, much more slowly than i n  t h e  remaining surrounding area 
of t h e  d i sk ,  which immediately becomes clear by comparison of Figures 1-3. 
While i n  Fig.  2 ,  f o r  example, t h e  overgrowth mar as moved forward from 
number 1 t o  uw2, t h e  increase  i n  t h e  
t o  only a t h i r d  o r  f o u r t h  of  t h i s .  

The overgrowth t akes  p l ace  a t  t h e  s p o t ,  where t h e  

I t  can hard ly  be any s u r p r i s e  s ince  during embryo formation e n t i r e l y  
d i f f e r e n t  and complicated c e l l u l a r  displacements,  invagina t ion  processes ,  e tc .  
a r e  tak ing  p l ace  than is  t h e  case i n  simple overgrowth. 
dare  not  draw any conclusions about a g r e a t e r  measure of  cel l  formation on 
the  more quick ly  progressing overgrowqh margin f o r  t h e  opposi te  might r a t h e r  
be t h e  case. I 

That is  why w e  

Secondly, t h e  embryonic body groMs long i tud ina l ly  by fo ld ing  up of t h e  
b las topore  margin, s i n c e  t h e  neck regqon, t h e  ches t  region,  e tc .  are 
success ive ly  a t tached  t o  t h e  head port$on which has a r i s e n  f i rs t .  
p re sen ta t ion  of t h i s  important process; w i l l  become more understandable i f  
one d i s t ingu i shes  two d i f f e r e n t  segments, segment u r l  and ur2,  from t h e  
moment when t h e  head region has been e s t ab l i shed .  I designate  by u r l  t h e  
po r t ion  of t h e  b las topore  which has c losed by medial j o in ing  of  i t s  margins 
i n  t h e  b las topore  s u t u r e ;  on t h e  otheq hand I designate  by ur2 t h e  po r t ion  
of  t h e  b las topore  l i p  which tu rns  bacM at  r i g h t  angles  a t  t h e  hind end of 
t h e  embryonic rudiment and coincides  y i t h  t h e  margin of t h e  germinal d i s k .  

The 

n s h o r t  I can call t h e  l a t t e r  t h e  f i d e d  margin o r  open po r t ion  o f  t h e  
las topore ,  t h e  former i t s  coalesced Rort ion.  i 

t h e  embryonic rudiment then takes  plade i n  such a fashion t h a t  t h e  coalesced 
b las topore  sec t ion  en larges  cont inu  
f ixed  margin) po r t ion  of t h e  b l a s t o  as i n  amphioxus and t h e  amphibians, 
s ince  l e f t  and r i g h t  l i p s  move toge 

The inc rease  i n  length o f  

a t  t h e  expense of t h e  open (or  

toward t h e  medial plane and 
"I _ _  
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Through t h e  process  progressing gradual ly  from f r o n t  t o  rear t h e  open o r  
f ixed  marginal p a r t  o f  t h e  b l  ould soon be used up, i f  it could 
not  a l s o  cons tan t ly  rep lace  t by growth. The replacement takes  
p lace  by t h e  fact  t h a t  t h e  i n  
the  b las topore  l i p s  i n t o  e x i s  
i n a l  d i s k  margin and t h a t  eve 
thereby transformed i n t o  b l a s  
t e l e o s t s  t he re fo re  extends over  a longer  i n t e r v a l  o f  development than is  
usua l ly  descr ibed and advances on t h e  margin o f  t h e  germinal d i sk  ( a t  t h e  
open p a r t  of t h e  b las topore  margin) i n  t h e  o r i g i n a l  manner which i n  t h e  
forward region of  t h e  embryonic rudiment d i f f e r e n t  organs are a l ready  
d i f f e r e n t i a t i n g .  This  reaches i t s  coficlusion only by t h e  fact  t h a t  t h e  
l a te ra l  b las topore  l i p s  are jo ined  with one another  a t  t h e i r  hind end by 
the  formation of  a v e n t r a l  l i p ,  whereby an invagina t ion  margin, c losed t o  
form a r i n g ,  i s  produced. A t  t h i s  ti e t h e  overgrowth of  t h e  yolk sphere 
i s  a l s o  ended and t h e  las t  remnant of t h e  overgrowth margin i s  hereby t r a n s -  
formed i n t o  t h e  c los ing  p i ece  of  t h e  b las topore  (Fig.  4 a ) .  The t a i l  bud 
(sk) arises a t  a s l i g h t  d i s t ance  i n  f r o n t  of  t h i s .  
b las topore  development of  amphibians 
p re sen ta t ion  and r e q u i r e  no f u r t h e r  r 

s ,  which has mainly brought 
f u r t h e r  on t h e  e x i s t i n  

f t h e  overgrowth margin 
he g a s t r u l a t i o n  proces 

The conformity with t h e  
h ine  f o r t h  i tsel f  from my 
ce. 

In  my conception of t h e  g a s t r u l a t i o n  process  of  t e l e o s t s  I agree with 
H i s  i n  so  fa r  as w e  both allow f o r  t h e  dorsum of  t h e  embryo t o  form by 
coalescence of  two la te ra l  halves;  as f o r  t h e  r however, I d i f f e r  from 

process  appears as a modified g a s t r u l a t i o n  proc  
are t h e  b las topore  margins and t h e  germinal d i sk  margin p a r t i c i p a t e s  i n  t h e  
process  of coalescence only i n s o f a r  as it is  b las topore  l i p .  On t h e  o the r  
hand, according t o  H i s  t h e  primordium of t h e  body i s  a f la t  r i n g  whose width 
and th ickness  are a t  a maximum a t  one p l ace ,  t h e  f u t u r e  head end, and a t  a 
minimum on t h e  oppos i te ly  ly ing  t a i l  end. The material f o r  t h e  head would 
have t o  be sought o r i g i n a l l y  a t  t h e  hind end, t h e  material f o r  t h e  t a i l  a t  
the  forward end s i t u a t e d  oppos i te ,  t h e  "opposite pole" of t h e  o r i g i n a l  
germinal d i sk ,  while  t h e  material f o r  t h e  t a i l  would be i n  a lateral  region,  , 
according t o  my p resen ta t ion .  Accordihg t o  H i s ,  t h e  s t r u c t u r e s  s i t u a t e d  i n  ~ 

t h e  later medial p lane  of  t he  body form t h e  per iphery of t h e  e n t i r e  d i sk  
o r i g i n a l l y .  
embryo formation and t h i s  l a t t e r  i s  connected with t h e  yolk overgrowth of  t h e  
embryo i n  such a way t h a t  t h e  thread  of  embryo material i s  completed 
toge ther  with t h e  overgrowth. 
upon another  and u n i t e  as symmetrical body ha lves .  
end and t h e  hindmost t a i l  end r e q u i r e  no coalescence because they  r e s u l t  
from those sec t ions  o f  t h e  marginal 
c losed t o  form a r ing ."  

him i n  one very e s s e n t i a l  p o i n t .  According t o  r e sen ta t ion  t h e  e n t i r e  /447 
The coalescing po r t ions  

The e n t i r e  marginal f o l d  of  t h e  germinal d i sk  is  used f o r  

"The two la te ra l  ha lves  of t h e  r i n g  l i e  one 
Only t h e  foremost head 

I d  which t h e  two lateral  ha lves  had 

Oel lacher  has a l ready  made t h e  
of Lereboul le t ,  which is  very s i m i l a r , t o  t h a t  of H i s :  "If t h e  margins of  
t h e  germinal d i sk  are supposed t o  f 
circle t h e  e n t i r e  egg and then surr  
least  once; both body ha lves  must once hav i t e  

t u n j u s t i f i e d  objec t ion  t o  t h e  theory 

0 th  body ha lves ,  then  they  must 
a l a rge  c i rc le  of t h e  sphere a t  

l y  extended, 
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which c e r t a i n l y  is  not  PO 
H i s ,  t h a t  t h e  e n t i r e  germinal o form an embryo, t h e  
germinal margin would behave which one draws over  
a l a rge  sphere.  When it e sphere,  it would be 
extended t o  a maximum i n  orde 
sur face .  If t h e  e n t i r e  germi las topore  margin, then it 
would have t o  s t r e t c h  eno 
s i g n i f i c a n t l y .  This d i f  i n  my form. And so  

a w  toge ther  then on t h e  oppositt 

then narrow again 

a t  the  concrescence _. theory of H i s  appears again i n  a 
anged form i n  e b las topore  _ -  t heo ry  .- 

Sea urchins  b r ing  about a t r a n s i  on between the  gas t ru l a t ion  process 
of t e l e o s t s  and amniotes. In  s e a  ur ns  t h e  formation of t h e  embryo also 
goes on f o r  a long time through coaleScence o f  t he  blastopore margins i n  
the  manner c a r r i e d  out  more p rec i se ly  f o r  t he  t e l e o s t  egg. 
and 2 can the re fo re  a l s o  serve f o r  t he  first s tages  of s ea  urchin develop- 
ment.) Then, however, a modification o f  t he  process  becomes necessary 
owing t o  the  considerable  s i z e  of  the  yolk.  
germinal d i sk  has not  been ab le  t o  envelop the  yolk completely up t o  the  
time when the  lateral  b las topore  l i p s  a l ready  u n i t e  toward the  rear during 
the  formation of a v e n t r a l  b las topore  l i p .  
t i c  f o r  t h e  s e a  urchin now appear,  changes which I have attempted t o  
reproduce schematical ly  by Figures 7 and 8. 

(Diagrams 1 

The overgrowth margin of t h e  

A s  a r e s u l t  changes cha rac t e r i s -  

4 2 Overgrowth margin (Fig.  7 uw ) and blastopore margin (ur ) a r e  separa ted  
from one another (Fig.  8 a and uw5). 
from t h e  blastoderm margin. 

The embryonic rudiment i s  d 
Behind t h e  embryo t h e  overgrowth margin forms - 

5 an enclosed r i n g  (uw ), i n s ide  which t h e  y f o r  some t i m e  

has added t h e  name yolk blastoporus t o  t h i  
t h e  b las topore  i n  i t .  As I have already s a i d  e a r l i e r ,  I consider  t h i s  view, 
which is  widespread i n  t h e  l i t e r a t u r e ,  t o  be erroneous.  For,  i n  t h e  first 
p lace  no opening a t  a l l  is  present  a t  t h e  so-ca l led  "yolk blastoporus,"  
through which one can ge t  i n t o  a hollaw space, as is  t h e  case a t  t h e  b l a s to -  
pore,  as long as it h a s n ' t  coalesced e t .  One comes through the  overgrowth 
r i n g  i n t o  t h e  yolk mass which one can imagine replaced by a mass o f  yolk 
c e l l s  i n  which t h e  overgrowth margin s l o s t .  The comparison with the  
blastopore of  amphibians i s  no less successfu l .  For t h i s  shows t h e  
c h a r a c t e r i s t i c s  of  t h e  b las topore  en e ra t ed  above when it has formed 
completely. 
expresses i t ,  t h e  ir-adCGaTly _. diminish g opening which remains f r e e  when t h e  
more quickly furrowed upper embryo h f overgrows t h e  more slowly furrowed 
lower embryo h a l f ,  o r  t h e  yolk.  I t  r a t h e r  an invaginat ion def ic iency 
(blastopore) .  

~ u n t i l  it is  a l s o  overgrown by progressive 

I t  i s  the re fo re  not  a def ic iency of  overgrowth o r ,  as H i s  

From t h e  sea  urchins  it requi re  a s h o r t  s t e p  t o  understand the  
s i t u a t i o n s  of  r e p t i l e s  and b i rds .  l as topore  margin o f  t he  germinal 
disk is  the  p r imi t ive  s t r eak ;  t h i s  s here ,  however, ex t r ao rd ina r i ly  
e a r l y  t o  form a r i n g ,  i n  t h a t  it i s  sformed i n t o  t h e  p r imi t ive  furrow 
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as Duval has descr ibed t h e  de 
growth margin f o r  a long time 
segments a r e  e s t ab l i shed  i n  t 
embryonic rudiment t he re  f o r e  
e a r l i e r  i n  t h e  amniotes than 
far  from t h e  overgrowth margin i n t o  t h e  middle of  t h e  germinal d i sk .  
1, 9 and 10 can serve  as diagrams f o r  t h i s  abbreviated and acce lera ted  
s o r t  o f  blastopore formation and of  yolk overgrowth which has  e a r l y  become 

again t h e  d i f f e rence  between blastopore formation (gas t ru l a t ion  process)  and 
yolk overgrowth of  t e l e o s t s ,  sea urch ns  and amniotes. 

thereby separa ted  from the  over- 
a ry  f o l d s ,  chord and p r imi t ive  
gion of  t he  blastopore r ing .  

d margin pos i t i on  very much 
ns  and i s  soon removed equal ly  

Figs .  

The 

- independent of i t .  In t h e  following sentences I b r i e f l y  summarize once 

In t e l e o s t s ,  t h e  overgrowth marg n of t h e  germinal d i sk  has almost 

As a r e s u l t ,  t h e  last p a r t  of  t h e  overgrowth margin i s  
completely enveloped t h e  yolk,  even before  the  b las topore  has secured i t s  
d i s t a l  c losure .  
used up i n  the  formation of  t he  b las topore  margin, when it s t i l l  encloses  

e embryonic rudiment, up t o  now 
f ixed  margin, is detached from t h e  blastoderm. The overgrowth r i n g  c loses  /450 
sepa ra t e ly  from t h e  embryo. 
of b las topore  margin and overgrowth margin of  t he  germinal disk takes  p lace  
ex t r ao rd ina r i ly  e a r l y  s o  t h a t  t h e  embryonic rudiment soon comes t o  l i e  
more i n  t h e  middle of t he  blastoderm, removed from t h e  overgrowth margi 

I have gone i n t o  t h e  yolk overgrowth so minutely because confusion 
e x i s t s  i n  the  l i t e r a t u r e  regarding t h i s  quest ion.  
ment of Balfour t h a t  i n  a l l  ve r t eb ra t e s  with l a rge  yolk t h e  v e n t r a l  abdominal 
wall  is obviously completed by t h e  c losure  of  the  b las topore  l i p s  on t h e  
v e n t r a l  s i d e .  
t o  ca r ry  H i s ' s  concrescence/theo-V* ad! absurdum, t h a t  by acceptance of t h i s  
theory the  e n t i r e  dorsa l  as wel l  as tpe e n t i r e  v e n t r a l  abdominal wall of  
the  embryo would have t o  be formed thtough coalescence of  t h e  b las topore  
l i p s ,  
r e f e r r ed  t o  above. 

F ina l ly  i n  r e p t i l e s  and b i r d s  t h e  separa t ion  

I quote only t h e  s t a t e -  

I draw a t t en t ion -  t o  Balfour 's  argument through which he seeks 

F ina l ly  I draw a t t e n t i o n  t o  the newest ideas  put  forward by H i s ,  

I t  would be a p r o f i t a b l e  beginniirg i f ,  f u r t h e r  from the  viewpoint 
developed here ,  t h e  germinal margin of  meroblast ic  eggs would be first 
extensively inves t iga t ed  according t o  i t s  l o c a l l y  and temporally d i f f e r e n t  
manner of development, whereby s t i l l  u r t h e r  l i g h t  would be spread regard- 
ing many po in t s  which I have analyze 

I conclude t h e  seyt-zon on blast 

o re  t h e o r e t i c a l l y  here .  

r e  theory and concrescence theory 
while emphasizing some po in t s  of  compprison between t h e  b las topore  region 
of amphibians and t h e  b las topore  regipn of r e p t i l e s  and b i r d s  (See a l s o  
Textbook of Developmental History 
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The blastopore of amniotes i s  t h e  pr imi t ive  furrow, whose margins 
fuse  e a r l y  i n  a medial su tu re  
th ree  germ l aye r s  are connect 
process i s  s t i l l  t o  be counted towards t h e  b las topore  region and is probably 
t h a t  p a r t  on which t h e  fus ion  
beginning of  g a s t r u l a t i o n  i n  
amphibians. Accordingly, t he  o r i g i n  of  the  blastopore region i n  t h e  
por t ion  would a l s o  have t o  be sought here  a t  t h e  o r i g i n  of  t he  chord and 
i n  the  mid-brain region. 

imi t ive  s t r eak  t o  which a l l  
e r  f o r  some d is tance .  The head 

pore l i p s  takes  p lace  a t  
c r ibed  f o r  amphioxus and 

The importance of  t h e  p r imi t ive  furrow f o r  t h e  formation of t h e  chord, 
the  middle germ l aye r ,  etc, i s  t h e  same as the  importance of  t he  blastopore 
margins i n  Amphioxus and amphibians. , I n  i t s  first o r i g i n  the  pr imi t ive  
furrow belongs t o  t h e  head region of  t he  embryo; s ince  it d i f f e r e n t i a t e s  
t he re  i n t o  t h e  d i f f e r e n t  a x i a l  organs, it grows f u r t h e r  a t  i t s  hind end, 
the  growth zone, by i n s e r t i o n  o f  newly formed embryonic cells .  
t o  t h e  degree of development of the  germinal d i sks  i t " i s  found i n  the  neck 
region,  t he  ches t  region,  t h e  i . e . ,  i t s  d is tance  from t h e  
beginning of t he  medullary tub e r  g r e a t e r  one with t h e  age 
of  t h e  embryo. 
by saying t h a t  newly formed body sec t ions  shove i n  by intussuscept ion i n  
f r o n t  of  t he  p r imi t ive  furrow but  by t h e  f a c t  t h a t  t h e  c e l l  material of  t h e  
p r imi t ive  furrow i t s e l f ,  including i ts  environment, is  transformed toward 
the  f r o n t  i n t o  medullary p l a t e ,  chord, p r imi t ive  ments, roof of t he  
i n t e s t i n e ,  while it enlarges  toward t h e  r e a r  by 

According 

This is  not  i n t e r p r e t e d  according t o  Balfour 's  hypothesis 

A t  t h e  hind end of the  p r imi t ive  furrow requent ly  a small 
ugh which one 

H i s  says  of i t ,  "it i s  
opening, t h e  much discussed Canalis- neurenter  
reaches from the  ectoderm s i d e  i n t o  t h e  i n t e s t i n e .  
e s t ab l i shed  with g r e a t  sharpness t h a t  i t  first breaks through secondari ly  
i n  amniotic ve r t eb ra t e s ,  it is the re fo re  a break opening and belongs i n  
the  same category o f  openings as the  mouth. 
with t h e  b las topore  of  l o w , e ~  v 
blastopore i n  t h e  sense o f  Hae 

Therefore,  it cannot be compared 
eb ra t e s  known s ince  Rusconi o r  with the  

7 

- -_ 
:As  before-Yh t h i s  quest ion I p e r  i s t  i n  the  viewpoint taken e a r l i e r .  

A s  one has t o  d i s t ingu i sh  i n  t h e  b l a s  opore region of lower ve r t eb ra t e s  a 
closed and an open po r t ion ,  which l a t  e r  occupies another p lace  i n  ind iv i -  
ua l  s t ages ,  s o  must one a l s o  d i s t i n g  i s h  i n  amniotes. Here i s  t h e  open p a r t  

a l i s  neurenter icus .  If an opening a t  the  end of t he  p r imi t ive  
not  be demonstrated a t  a l l  s tages  of development of  t he  germinal 
i s  explained i n  an easy manner from t h e  circumstance t h a t  t h e  

blastopore margins l i e  c lose  enough t o  one another  t o  touch. If they then  
withdraw from one another again a t  ot l ier  s t ages ,  then an opening appears.  
In  t h i s  case ,  however, a break o r  the , format ion  of a new opening, as 
represented by t h e  perm t taken p l ace .  

A t  a l a t e r  s t age  t h e  ana l  groo 
the  hindmost end o f  t h e  p r imi t ive  s 

n be d is t inguished  i n  amniotes and 
, somewhat behind t h e  p lace  where 
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t he  neu ren te r i c  canal  l ies .  
d i r e c t l y  i n  f r o n t  of  i t .  
the  anal groove s i g n i f i e s  t o  s t  end o f  t h e  b las topore .  

The t a i l  rudiment of  t h e  embryo develops 
Lik ove of  malformed f r o g  embryos, 

The next  chapter  w i l l  de t i n  d e t a i l .  

B) T a i l  and Anus Formation of  Vertebrates  

Arrest malformations o f  f r o g  embryos are a l s o  very i n s t r u c t i v e  f o r  t a i l  
and anus formation. 
e n t i r e  b las topore  region i s  wide open (Table 16, Fig.  1 )  t h e  anal  region 
can a l ready  be recognized as such, i n  t h a t  t h e r e  forms a t  t h e  hind end of 
t h e  embryo i n  t h e  ectoderm a furrow ( r)  which is  bordered by small fo lds  
and leads  i n t o  t h e  p e l v i c  i n t e s t i n a l  A s  a r e s u l t  t h e  b las topore  
margin shows here  a break,  an indenta  ion .  On both s i d e s  o f  it t h e  b l a s t o -  
pore margins are s i g n i f i c a n t l y  thickened by t h e  fact  t h a t  cel ls  are engaged 
i n  l i v e l y  growth and produce a small 
tud ina l  growth. The cells form two l l i n g s  (sk) on both s i d e s  of t h e  
ana l  groove and these  f o l d s  were designated as t a i l  buds with r e spec t  t o  
t h e i r  f u r t h e r  development. 
i n  t h e  e n t i r e  per iphery of t h e  b las topore  as t h e  medullary p l a t e ,  i s  
in t e r rup ted  a t  one small spot  by the  ana l  groove. 
pore margin we have t o  d i s t i n g u i s h  a l a r g e r  neura l  segment and a smaller 
non-neural segment, which i s  very impartant f o r  f u r t h e r  development, 

In  t h e  h ighes t  degree of r e t a r d a t i o n ,  i n  which t h e  

a v i t y .  

l l e d  germinal t i s s u e  serv ing  longi -  

The nerve r i n g ,  which is otherwise e s t ab l i shed  

Therefore on t h e  b l a s to -  

I n  o t h e r  malformations i n  which t h e  b las topore  region has  experienced 
a p a r t i a l  c losu re ,  t h e  important fact  can be e s t ab l i shed  t h a t  t h e  b las topore  
c loses  not  only success ive ly  from f r o n t  t o  rear bu t  t h a t  a second p lace  of  
c losure  develops on t h e  hind end independently of  it, and indeed i n  t h e  
fol lowing manner (P la te  16, Fig.  9-11, 13, 14 ) .  

Above t h e  ana l  groove both t a i l  buds l i e  with t h e i r  medial su r f aces  / 453 
on one another  and form, by fus ing ,  a broad t r ansve r se  e l eva t ion  which 
c o n s i s t s  of  a small c e l l e d  t i s s u e  separated,  however, i n t o  t h e  d i f f e r e n t  
germ l aye r s .  
anus ( a r ) ,  is  separa ted  - --. f rom-the -_ remaining p a r t  by - elw .~ a t i o n .  IThe-closure 
of t h i s  p a r t  has become ~ a r r e s t e d  - .  i n  - an _ _ _  anomalous m r i n  t h e  malformations 
In a-series of  f r o n t a l  s e c t i o n s  (P la te  17, Fig.  13, 14; Plate 18, Fig.  8-11, 
25) t h e  s u t u r e  formation could s t i l l  be c l e a r l y  recognized on t h e  hind and 
l a t e r  v e n t r a l  s i d e s  of  t h e  e f irst  a furrow and a seam (n) are 
present ,  and i n  t h e i r  _ -  
d i s t ance  - (P la te  17, Fig.  

produced by t h e  coalescence of ectodermal su r faces  (Plate 18, Fig.  25 n ) .  

If fus ion  i s  complete, as it i s  i n  the  normal course o f  development, 
then an unpaired t a i l  bud arises ea 
upon t h e  ana l  groove from above. H 

The hindmost p a r t  of t h e  b las topore ,  which la ter  becomes t h e  

ou te r  l aye r s  are connected f o r  a 
8 ,  Fig.  2 and 10 n ) ;  secondly, a t  t h e  

r -I_-.- - 

- extreme end a black pigment l i n e  passds through t h e  small c e l l e d  t i s s u e ,  

rom the  pa i r ed  buds and it l ies  
r, i n  many malformations fus ion  is  
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only p a r t i a l  and concerns only t h e  region above the  ana l  groove, while 
beyond it t h e  t a i l  buds remai 
p iece  (P la te  16, Fig.  11, 13, 

a more o r  less l a rge  terminal 

On t h e  t a i l  bud w e  can ral  and a do r sa l  s u r f a  
accordingly a v e n t r a l  and a d 
from t h e  t i p  of  t h e  t a i l  up t 
up t o  the  p a r t  of t h e  b las topore  remaining open as a r e s u l t  of r e t a r d a t i o n .  
The former belongs t o  t h e  non-neural p a r t  of  t h e  b las topore  region,  t he  
l a t t e r  t o  i t s  neura l  p a r t .  

e as wel l .  The former proceeds 
a t t e r  from t h e  t i p  of  t h e  t a i l  

So far as t h e  anus i s  concerned, fou r  d i f f e r e n t  s t ages  can be d i s t i n g -  
uished i n  i t s  e n t i r e  development. 
the  hindmost segment of  t h e  e n t i r e  b las topore  (P la te  16, Fig.  1 a r ) .  

In  t h e  first s t age  i t - a p p e a r s  only as 

In the  second s t age  it has separa ted  from it as a s p e c i a l  opening i n  
t h i s  way, t h a t  t he  t a i l  buds have formed a t  t h e  hind end o f  the  neural  
segment o f  t he  blastopore margins an 
rudiment (P la te  16, Fig.  11, l e  opening is ,  f o r  t he  
most p a r t ,  no t  t o  be found on 
the  walls touch d i r e c t l y .  However, i n  t h e  second s t age  the  o r i g i n a l  de r i -  
va t ion  of  t he  b las topore  can s t i l l  be recognized i n  t h e  r e l a t ionsh ip  of  t h e  
germ l aye r s  (P la te  17, Fig.  5;  P l a t e  18, Fig.  11 a r ) .  A s  i n  t he  b las topor  
a l l  t h ree  germ l aye r s  a r e  i n  connection with 
pos i t i on .  A t  t h e  ana l  l i p  t h e  ou te r  
l aye r  and inwards from t h e r e  the  v i s c  
at t h e  i n t e s t i n a l  l i p  i n t o  the  i n t e s t i n a l  g l  er .  Thus the re  s t i l l  
e x i s t s  a t  t h i s  s t age ,  p rec i se ly  taken, no d i r e c t  connection of t he  o u t e r  
germ l a y e r  with t h e  inner  one, bu t  only through in t e rven t ion  of  t h e  middle 
l aye r .  Even i f  an opening i s  present ,  we come through the  anal  groove 
first i n t o  a disappearing small remnant of  t h e  p r imi t ive  i n t e s t i n e .  
we must designate  as such t h e  space __ s i t u a t e d  i n - t h e  region of t h g m i  
l aye r ,  a space through which/one can pene t r a t e  no t -only  i n t o  t h e  coe 
but a l s o  i n  t h e  secondary i n t e s t i n e .  

t o  form an unpaired t a i l  /454 

_ _  - Gh' - t h e  anal  region,  because 

o the r  a t  the  anal1 
i n t o  t h e  p a r i e t a l  middle 

ayer  i s  transformed again 

For 

This s i t u a t i o n  changes i n  t h e  t h i r d  s t age  of  development. In  t h e  ana l  
region e spec ia l ly  t h e  middle germ l aye r  i s  separa ted  from t h e  connection 
descr ibed above, first i n  f r o n t  on t h e  ana l  l i p  from t h e  ou te r  germ l aye r  
and then on t h e  i n t e s t i n a l  l i p  from t h e  i n t e s t i n a l  gland l aye r .  
coelomic sacs  have cons t r i c t ed  and closed. A s  a r e s u l t  ou te r  and inner  
germ l aye r  now come i n t o  d i r e c t  connection a t  t h e  poin t  o f  detachment and 
border t h e  ana l  tube i n  those cases  where an opening has l a s t e d .  
tube now leads  d i r e c t l y  and immediately from t h e  ou t s ide  i n t o  the  hindgut 

is  s t i l l  lacking because o f  the  condi t ion emphasized above. 
germ l a y e r  ad jo in  d i r e c t l y  as a r e s u l t  of t he  detachment o f  t he  middle 
l aye r ,  bu t  s t i l l  form toge ther  an e p i t h e l i a l  c losure ,  t he  anal  membrane 
o r  ana l  cord. We speak of  an ana l  ane (P la te  18, Fig. 9)  when t h e  ana l  
groove (a r )  i s  separa ted  from t h e  ca of t h e  hind gut  (ed) only by a 
t h i n  lamella ,  which cons i s t s  of a sim$le s t ra tum of entoderm c e l l s  and of 

The 

The ana l  

For t h e  most p a r t ,  however, an opening "*since it p ie rces  t h e  middle l aye r .  
Outer and inne r  
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ectoderm cells,  as i s  t h e  case i n  t h e  normal course o f  development o f  t h e  /455 
f rog .  ops i n  those  cases- i n  which, as 
many malformations, t h e  c a v i t  gu t  and t h e  ana l  groove have 
moved somewhat f u r t h e r  a p a r t  and thus a t h i c k e r  e p i t h e l i a l  band appears i n  
p lace  of  t h e  t h i n  e p i t h e l i a l  me 
i ts  connection. 

On t h e  o the r  hand an a 

middle l a y e r  i s  separa ted  from 

F ina l ly  i n  t h e  fou r th  s t age  of  development t h e  anus becomes penet rab le  
i n  t h a t  t h e  cells i n  t h e  middle of t h e  e p i t h e l i a l  c losure  membrane withdraw 
from one another .  
furrow leading from t h e  v e n t r a l  t a i l  roo t  t o  t h e  ana l  groove, which 
f requent ly  is enclosed by high fo lds  (Plate 19, Fig.  1 a,  5 a f ) ,  has c losed 
t o  form a s h o r t  tube (Fig. 2 ,  22 a r ) .  In  t h i s  case one then reaches t h e  
hind gut  through a more o r  less long, ectodermal ana l  tube,  which i s  
s i t u a t e d  a t  t h e  roo t  of  t h e  t a i l  a t  t h e  beginning of  t h e  v e n t r a l  t a i l  f i n .  
Even i n  normal development such an ectodermally a t tached  p a r t  seems t o  me  
t o  form. 

A t  t h i s  t i m e  o r  even before  i n  many malformations t h e  

I have b r i e f l y  summarized lu s ion  t o  which t h e  inves t iga t ion  of 
t a i l  and anal  formation i n  t h e  malformations of  t h e  f rog  has l ed  me. They 
agree e s s e n t i a l l y  i n  a g r a t i f y i n g  manner with t h e  r e s u l t s  a t  which seve ra l  
i n v e s t i g a t o r s ,  e s p e c i a l l y  Schanz, Gotte,  v .  Erlanger ,  have most r ecen t ly  
a r r ived  concerning the  rudiment o f  t h e  anus i 
embryos. 

normally developing f r o g  

For a long time g r e a t  confusion has p reva i l ed  i n  t h e  quest ion 
development. A s  is  known even here  t h r e e  d i f f e r e n t  views have been advanced. 

According t o  the  o l d e r  conception t h e  anus, l i k e  t h e  mouth, i s  supposed 
t o  be a new formation and is supposed t o  r e s u l t  from t h e  s k i n  s ink ing  t o  
form t h e  groove a t  t h e  hind body end and la te r  breaking through i n t o  t h e  
hind gu t .  According t o  a second view, which has  gained by a s tudy of 
Petromyzon and amphibians, t h e  e n t i r e  b las topore  is  supposed t o  become t h e  
anus d i r e c t l y .  F ina l ly  a t h i r d  group o f  i n v e s t i g a t o r s  (Schanz [62c], 
Bonnet [3] ,  Gatte, Erlanger  and o the r s )  a l s o  assume a r e l a t i o n  of  t h e  anus 
t o  t h e  b las topore ,  bu t  only t o  t h e  hindmost p a r t  of i t .  
can be divided i n t o  two openings, i n t o  a forward one which i s  absorbed i n t o  
t h e  hind end of t h e  nerve tube ( cana l i s  neurenter icus ,  chord b las topore)  
and i n t o  a hind opening which becomes t h e  anus (anal b las topore ,  anal  cana l ) .  

The b las topore  

A s  far  as t h e  amphibians e s p e c i a l l y  are concerned, I can agree i n  
general  with t h e  p re sen ta t ion  given b Gotte [19] and Erlanger [14]. 

Gotte permits  t h e  b las topore ,  wh n it has been transformed i n t o  a 
longi tudina l  f i s s u r e  t o  c lose  i n  t h e  middle by coalescence of i ts l i p s  
(prostoma s u t u r e ) .  Beneath t h e  ;place o f  c losure  a small segment o f  t h e  
b las topore  is  preserved and it usua l ly  lo ses  i t s  lumen, i n  order  t o  open 
again later and t o  form t h e  anus. 
do r sa l ly  from t h e  place of  coalesce epresents  the c a n a l i s  neurenter icus ,  

- - ,  

emnant of  t h e  b las topore  s i t u a t e d  

c -  
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which soon is  overgrown by the  medullary fo lds  and is thereby enclosed 
form the  nerve tube.  The t a i  
from t h e  t i p  up t o  t h e  anus, 

t o  
prostome su tu re  is drawn out  
po in t  o f  coalescence. 

In  a similar fash ion  von zes t h e  r e s u l t  of  h i s  
i nves t iga t ions  i n  t h e  sentenc res t h e  r e s u l t s  of  t h  
by Schanz and Morgan [40] with those of  my work, then one w i l l  prob 
come t o  t h e  conclusion t h a t  t he  anus a r i s e s  from t h e  most ven t r a l  p a r t  o f  
t he  b las topore ,  while t h e  most dorsa l  p a r t  forms t h e  neu pore and the  canaliz 

In  anurids. the-re is  t h e  added s i t u a t i o n  a t  t h e  p lace  of t he  - neurentericus-, 
- _. _ _  -anus- ari-ses .is closed temporarily and t h e  anus is 

opened only l a t e r  through a breech, while t h e  most ven t r a l  p a r t  o f  t he  
blastopore is  never supposed t o  coalesce i n  t h e  urodeles .  I t  may thus 
appear j u s t i f i e d  t o  consider t he  anus formation as secondari ly  modified i n  
the  anurids  . ‘ I  

In my work concerning the  middle germ l aye r  of  amphibians [24],  I have 
the  region of  t h e  blastopore 
c t l y  reproduce t h e  processes 

i l l u s t r a t e d  s i x  sec t ions  from 
of  an o lde r  f r o g  embryo which 
tak ing  p lace  here .  Thus Fig.  5 ,  Plate 8 shows a sec t ion  through t h e  p lace  
of c losure  through which t h e  cana l i s  neurenter icus ,  s i t u a t e d  do r sa l ly  from 
i t ,  and of which a sec t ion  is  i l l u s t r a t e d  i n _  Fig.  1 i s  separa ted  by t h e  
v e n t r a l l y  s i t u a t e d  anal  groove (Fig.  6 ) .  At - the  p lace  of  c losure  s u t u r e  
formation appears c l e a r l y  i n  t h a t  t he  ou te r  and inne r  germ l a y e r  change 
d i r e c t l y  i n t o  t h e  middle l aye r  a t  one small s 
separated from the  hind gut by\\aTh2n:-e”pithe 
the  case i n  t h e  t h i r d  s t age  of development B recognized by me. Then, of 
course I have discovered, as has Gotte a l s o ,  a new formation i n  t h e  anus 
according t o  t h e  p reva i l i ng  conception, because the  intermediate  s tages  i n  
development had escaped me and i t s  belonging t o  t h e  blastopore region was 
overlooked. However, I would now lik,e t o  r e f e r  t o  t h e  i l l u s t r a t i o n s  s ince  
they reproduce very well a l l  of t he  appropriate  condi t ions.  Attent ion is  

t .  The anal groove i s  
a1 c losure  membrane , as i s  

-.-----_. 

~ d i rec t ed  a l s o  t o  P l a t e  7, Fig.  12-14 (1 . c . ) .  

A5 7 

Now i f  we compare the  normal and disordered development with one another,t 
then t h e  la t ter  can a l s o  cont r ibu te  here t o  t h e  understanding of  t h e  former 
th ings .  
morphological o r i e n t a t i o n  o f  the  t a i l  t o  the  r e s t  of  t he  body. I would l i k e  
t o  emphasize, as an important r e s u l t ,  t h a t  the  t a i l  can be considered not  
as a d i r e c t  extension of t he  e n t i r e  body but only as a continuous s t r u c t u r e  
of  t he  dorsa l  su r f ace  towards i ts  o r i g i n .  The e n t i r e  sur face  o f  t h e  body 

o r i g i n .  
which takes i t s  o r i g i n  from t h e  blastotpore region and grows out  over t h e  
hindmost p a r t  of  it, t h e  anus. 
remainder of  the  body. Therefore, we a l s o  f i n d  i n  i t s  construct ion only 
do r sa l ly  s i t u a t e d  organs,  nerve ‘tube, chord, p r imi t ive  segments, while 

may speak of  a r e a l  post-anal  gut 

I t  spreads more l i g h t  e spec ia l ly  on t a i l  formation and on t h e  

~ . s i t ua t ed  v e n t r a l l y  from t h e  blastopore i s  not a t  a l l  concerned with i t s  
The t a i l  the re fo re  appears as, a cont inuat ion s t r u c t u r e  o f  t h e  body, 

I t  thereby s tands  i n  con t r a s t  t o  t h e  e n t i r e  

-abdominal cav i ty ,  sex  organs,  kidq not continue i n t o  i t .  Whether w e  
s quest ionable  t o  me. O f  course,  



t he  inne r  germ l a y e r  e longates  as a cord i n t o  t h e  t a i l  rudiment, as a 
pro t rus ion  of  t he  p e l v i c  i n t e s  
t i o n  of  a cav i ty  does not  appe 
d isso lves  i n t o  o the r  t i s s u e s .  
i n t e s t i n e  i n  no ve r t eb ra t e  s o  
post-anal  gut e n t i r e l y  and r e  
t h e  t a i l , "  which leads t o  no false conceptions.  

For t h e  most p a r t  however, forma- 
, and l a t e r  t he  cord disappears  and 

I t  w i l l  probably have functioned as an 
t h a t  we do away with t h e  name 
designat ion "entoderm cord of  

t 

Since ou te r ,  middle and inne r  germ layers  meet a t  the  b las topore  margin /458 
and produce the  medially s i t u a t e d  organs, nerve tube,  chord, p r imi t ive  
segments, t h e  rudiments of a l l  these  organs are a l s o  bestowed upon the  
t a i l  bud. If the  t a i l  bud then elongates  and appears as a cont inuat ion 
above t h e  body towards t h e  r e a r ,  t h i s  takes  p l ace  i n  t h e  same manner as 
the  e n t i r e  body has grown i n  length .  From t h e  growth zone, which has moved 
t o  t h e  t i p  of t he  t a i l ,  p r imi t ive  segment i s  a t tached  t o  p r imi t ive  segment 
and can thus  y i e l d ,  a t  times, an appendage o f  t h e  body of  very considerable  
length and organized i n t o  metameres. 

The t a i l  arises from a pa i r ed  rud i  s ince  t h e  hindmost segment of 

i f  one wished t o  deduce from t h i s ,  
t h e  l e f t  and r i g h t  b las topore  margin coalesce above the  ana l  groove t o  form 
the  t a i l  bud. I t  would be unjusf-" 
t he  conception of  p r imi t ive  forms of  ve r t eb ra t e s  which had possessed double 
t a i l  processes  on t h e i r  hind ends. 
margins i s  an o lde r  process than t a i l  formation. 
occurred a t  t h e  rear of  t he  body. end does the  t a i l  process develop from t h e  
a rea  of  t he  body which has become s o  s impl i f i ed .  
condi t ions can the  o r i g i n a l  dup l i ca t i an  of rudiments come i n t o  p l ay  i n  the  
developmental process ,  then e spec ia l ly  i f  by any kind of  d i s tu rb ing  cause, 
the  fus ion  o f  t he  b las topore  margins t o  form a simple t a i l  bud is  prevented 
a t  t h e  r i g h t  time. Then, as we have seen i n  seve ra l  examples, double t a i l  
buds form and these  grow f o r t h  over t h e  end of  t he  body separated from one 
another and elongate  t o  form two long h a l f - t a i l s  composed of  nerve tube,  
chord and p r imi t ive  segments. According t o  t h e i r  o r i g i n  these  are t o  be 
arranged i n  t h e  category o f  a r res t .  malformations. ven here ,  a fusion 
process can s t i l l  be introduced add i t iona l ly  and begins from t h e  t a i l  
roo t .  
t o  be ab le  t o  occur even with mut i l a t ion .  
t h e  fact  t h a t  a doubling f requent ly  takes  p lace  i n s t e a d  of a simple replace-  
ment of t h e  l o s t  end upon c u t t i n g  o f f  o f  t he  t a i l  end of amphibians and 

pelobates  la rvae  Bruch [9] has descr ibed cleavage o f  t he  t a i l  end during 
doubling of  t h e  chord as a r e s u l t  o f  mut i la t ion .  

I -^__--I 

Obviously fus ion  of  t h e  blastopore 
Only a f t e r  fus ion  has 

Only under abnormal 
I 

, 

I 

The o r i g i n  of  t he  t a i l  from a l e f t  and r i g h t  rudiment material seems ' 
' 

i 

Perhaps t h i s  i s  assoc ia ted  with 

r e p t i l e s .  Lizards with double t a i l s  are familiar enough. But even from /459 

A s  far as amniotic ve r t eb ra t e s  a e concerned, t h e  anal  groove is  
e s t ab l i shed  among them at  t h e  hindmos 
Koll iker ,  Bonnet, S t r a h l ,  e t c . ) .  The t a i l  bud l a t e r  forms r i g h t  i n  f r o n t  
of i t ,  whereby the  anus f i n a l l y  moves beneath t h e  r o o t  o f  t he  t a i l  more on 
the  v e n t r a l  s i d e  of t he  body. 

end of t h e  p r imi t ive  furrow (Gasser, 

The opmental processes  appear i n  general  

72 



t o  correspond t o  those described from amphibians. 
extend t o  t h e  amniotes d o c t r i  hem, the  anus is derived from a 
small r e a r  s ec t ion  of t h e  b l a  
from t h e  region of  t he  blastopore a rea  s i t u a t e d  i n  f r o n t  of  t h e  anus, a f t e r  
a fusion of t h e  blastopore li e pr imi t ive  furrow) has taken 
place.  

Therefore w e  can a l s o  

a t  t h e  t a i l  takes  i t s  o r i g i n  

3 .  T h e  Coelomic Theory (Reply  t o  Gotte, T h e  Chord Canal) 

In h i s  developmen~a~_hi-s_to-g-_of ' the r i v e r  lamprey, G G t t e  [19] has 
b r i e f l y  i n s t i t u t e d  a viole$tjolemi.-against my presenta t ion  of t h e  formation 
of  the  middle germ l aye r  of amphibians, and ch ie f ly  aga ins t  t h e  coelomic 
theory.  A s  I have already i n  o the r  cases I would have kept s i l e n t  here as 
wel l ,  leaving f u r t h e r  discussion t o  t h e  fu ture- - for  to-what extent  would 
our a l ready voluminous l i t e r a t u r e  swell  i f  everyone wished a t  once t o  take 
up t h e  gaun t l e t ,  thrown down over t h e c r i c h  number of cont rovers ia l  subjec ts?-  
- i f  I had not beenr L-_ l ed  i n  my inves t iga t ions  d i r e c t l y  t o  t h e  objec t  i n  
dispute ,  t h e  development of fr 
forced pos i t i on  i n  which I r e s  e observat ions,  even i f  
unwil l ingly.  

d myself put  i n t o  a s o r t  of 

Gotte summarizes t h e  conclusion of  h i s  c r i t i q u e  i n  t h e  sentence: T h e  
a l leged  observations o f  0. Hertwig concerning t h e  o r i g i n  o f  t he  mesoderm of /460 
amphibians a r e  nothing more than an empirica1,unfounded--and according t o  
ac tua l  observations--erroneous assumption." 

Since I myself have not  inves t igq ted  t h e  gas t ru l a t ion  process of f rog  
eggs r ecen t ly ,  although I a m  convinced .I-_ - t h a t  much can be determined even more 
c l e a r l y  by t h e  use of improvedlaids - -  and newer viewpoints, than have happened 
up t o  now, I must i n  t h e  first place 4 i m i t  my rep ly  by emphasizing t h a t  
Gotte himself submits no new f a c t u a l  mater ia l  but  be l ieves  the  matter  
s e t t l e d  with the  cheap expression, "he w i l l  have t o  maintain h i s  e a r l i e r  
da t a  e n t i r e l y  and completely on t h e  b a s i s  o f  renewed inves t iga t ion  on 

Schwink, tToncerning the  Deve 
Chorda Dorsal is  of  f4mphibians.t' [65] which appeared of  course one year  before , 

GiStte, "River Lampreys,!' bu t  is  
the  l a t t e r ,  
a l s o  m u r i d s  
comes t o  e s s e n t i a l l y  the  same Every reader  w i l l  immediately 

of urodele  and anurid develop- 

1 

-. bombinator and pelobates  . I sedond p lace ,  I r e f e r  t o  the  work o f  , 

t of the  Middle Germ Layer and of  t he  

less not  given a word o f  mention by 
ry extens ive ly  not only urodeles but  
b a s i s  of t he  comparative s tud ie s  

, n o t i c e  the  grea t  agreement b e t  
jment given by Schwink and by he w i l l  thus  gain the  conviction t h a t  it 

"a1 leged" , but  "actual" observat ions.  - .  . is not a quest ion,  as GZItte 

To no less exten t  do I call  a t t e n t i o n  t o  t h e  good i l l u s t r a t i o n s  i n  t h e  
inves t iga t ion  of Erlanger [14] and t o  h i s  a r t i c l e  [15] which has j u s t  
appeared i n  the  Anatomischen Anzeig 
s t i l l  have deserved mentioning p r i n  

ere it says:  "This work would 
y and e spec ia l ly  i n  t h e  review of 
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t h e  coelomic diver t iculum of  t h e  p r imi t ive  i n t e s t i n e ,  which I have seen 
with t h e  g r e a t e s t  c l a r i t y  i n  
spec ies  inves t iga t ed  j o i n t l y  
enough." He c e r t a i n l y  throws ccuracy of  t h e  renewed 
inves t iga t ion  by Gotte,  t h a t  h t t e n  t o  see coelomic d iver t icu l :  
F ina l ly ,  i n  t h e  t h i r d  p l ace ,  I I was t h e  f i rs t  t o  call 
a t t e n t i o n  t o  t h e  s ign i f i cance  o f  t h e  f ind ings  f o r  t h e  development of  t h e  
middle germ l a y e r  ( l i p  formation on both s i d e s  of  t h e  chord rudiment, t h e  

. " lack  of  i n t e s t i n a l  l a y e r  beneath t h e  lat ter,  t h e  mechanism of  o r i g i n  of  t h e  
per is tomal  mesoblasts) .  
i nves t iga to r s  f o r  o t h e r  _- v e r t e b r a t e  classes (sea urch ins ,  r e p t i l e s ,  mammals). 
(Balfour , Ruckerk , 

i bed  by 0. Hertwig i n  anur id  
aps have not  i l l u s t r a t e d  c l e a r l y  

These f ind ings  have been confirmed by numerous 

a b l ,  . -  van Beneden, Zieg ler ,  e t c . )  . 
Gotte supposes, ( i n  p a r t  owing t o  my "own t a c i t  admission") t h a t  I now 

consider  i n c o r r e c t  t h e  facts which make my p ro t rus ion  theory v a l i d .  
now provide t h e  explanat ion,  b r i e f l y  and convincingly,  f o r  t h i s  reason: even 
today I s t i l l  maintain t h e  viewpoint developed ear l ier ,  t h a t  t h e  middle 
germ l a y e r  of  ve r t eb ra t e s  is  fo  * g ina t ion  process i n  t h e  
v i c i n i t y  o f  t h e  b las topore  and t 
p r imi t ive  i n t e s t i n a l  d ivercula .  

I can 

n a l  cav i ty  is  der ived from 

I could allow t h e  matter i n  d i spu te  t o  rest, i f  t h e  p e c u l i a r  con t r a s t  
o f  "alleged" and of "actual  observat ions"  were not  found i n  t h e  sentence 
by Gotte c i t e d  above. 
observat ions,"  i s  revealed more p r e c i s e l y  t o  us by information i n  two 
p laces  when he s a y s , ' p r i n c i p l e s  of  a cor rec ted ,  s o  t o  speak, observat ion,"  
o r  says ,  "5hat 0 .  Hertwig a d j u s t s  t h e  developmental h i s t o r i c a l  observat ions 
according io'  t h e  end r e s u l t s  of t h e  course of  development." 
wishes t o  a t t r i b u t e  t o  m e ,  t h e  s t r ange  purpose-- and I wish t o  allow him t o  
speak again-- "of wishing t o  introduce a new percept ion  theory i n t o  compara- 
t i v e  developmental h i s t o r y ,  namely, t h e  cons t ruc t ion  o r  a c t u a l  development 
of a body p a r t  according t o  t h e  end r e s u l t s ,  when it i s n ' t  t h a t  way, even 
i n  con t r ad ic t ion  wi th  empiricism." Afterward, a sentence was p r i n t e d  at 
once i n  S p e r r s c h r i f t :  "This implies  nothing f u r t h e r  than withdrawing t h e  
empir ical  foundations of  zoology and 
by a p r i o r i  conceptions,  and with it 

7 -  modern n a t u r a l  sc ience  i n  a t r a s h  p i 1  

What Gotte understands under t h e  heading, "al leged 

Gotte s u r e l y  

a t u r a l  sc ience  and rep lac ing  them 
rowing t h e  induct ive  methods of  

My answer t o  t h i s  t u r n s  out  very b r i e f l y ,  What I have t o  say  i s  
expressed i n  t h r e e  words: thought less ,  g ross  supposi t ion!  

I t  i s  -probably not  d i f f i c u l t  t o  i n f e r  from my inves t iga t ions  t h a t  even 
i n  my eyes,  t h e  facts decide between lue  and worthlessness  of  each theory .  
Have I no t  i n  every one of  my pub l i c  ons,  convinced of  t h e  complete value 
of s e n t i e n t  percept ion as t h e  ind i sp  i b l e  foundat ion f o r  f u r t h e r  thought,  
drawn a ha i r - sharp  boundary l i n e  be ob jec t ive  f ac t s - -desc r ip t ions  o f  
observations--and between t h e  concl s drawn from t h e  observat ions? I 

-can e r r  i n  t h e  observat ions,  err  i n  conclusions,  bu t  I have never com- 
municated, "al leged observat ions , I t  awn conclusions which were not 

_x 
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founded on observat ions.  

A s  a conscient ious obser  ar t o  communicate h i s  obqerva- 
t i o n s ,  always expectant  t h a t  11 come along who has ob 
b e t t e r  and more sharp ly  with he,  so should he a l s o ,  
fear, draw from h i s  obse rva t i  ons appearing t o  him, e 
t h e  r i s k  of  l a t e r  becoming convinced of  a false conclusion. 
of a l l  sc ience  teaches ,  sc ience  not  i n f r equen t ly  grows even through e r r o r s  
t o  which t r u t h  is  con t r a s t ed  ever  s o  b r i g h t l y .  

A s  t h e  h i s t o r y  

I herewith conclude a polemic t o  which I have admitted myself unwil- 
l i n g l y  and aga ins t  my custom. Since I am the re fo re  s t i l l  e n t i r e l y  convinced 
of t he  cor rec tness  of t h e  coelomic theory f o r  ve r t eb ra t e s ,  I s h a l l  touch 
upon a sub jec t  c lose ly  assoc ia ted  with i t ,  even a t  t h e  r i s k  of again e x c i t -  
i ng  t h e  d i sp leasu re  of my St rassburg  c r i t i c .  

A t  t h i s  t i m e  t h e  r e l a t i o n  o f  mammalian development t o  t h e  coelomic 
theory is mostly unc lear :  t h e  s known under t h e  name of  chord canal  
p re sen t s  some s p e c i a l  d i f f i c u l t  
now how t h e  occurrence o f  a chord canal can be explained i n  a simple manner 
from t h e  s i t u a t i o n s  of t h e  remaining v e r t e b r a t e s .  
Fig.  16) should serve  f o r  b e t t e r  i l l u s t r a t i o n .  

ere seems t o  m e  t o  be a way t o  show 

The diagram (P la t e  20,  

In t h e  v i c i n i t y  o f  t h e  b las topore  of  mammals o r  i n  t h e  v i c i n i t y  of  t h e  
p r imi t ive  furrow, which is the  same, t h e r e  are found two l i p  s t r u c t u r e s  i n  
the  c l o s e s t  proximity: 1 )  t h e  b las topore  l i p s ,  on which t h e  germ l a y e r  

on which i n t e s t i n a l  duct l a y e r  and v i s c e r a l  middle l a y e r  change i n t o  one 
another .  
as a r u l e  i n  t h e  d i f f e r e n t  v e r t e b r a t e  classes, while t h e  l i p s  of  t h e  i n t e s t i -  
n a l  l a y e r  remain separa ted  from one another  by a small d is tance  and thus 
border  t h e  chord rudiment on both s i d e s ,  which forms on t h e  p l ace  of  c losure  
and as ah%iIiTtakes p a r t  i n  de f in ing  t h e  b las topore .  According t o  my view 
a small devia t ion  from t h i s  type of  formation now t akes  p l ace  i n  mammals 
i n  such a way t h a t  even t h e  l i p s  of  t he  i n t e s t i n a l  l aye r  come t o  l i e  
toge ther  from t h e  beginning of  t h e i r  rmation i n  t h e  medial p lane  (Fig. 16 
B, d l ) ,  and i f  they  do no t  a l s o  f u s e  t h  one another ,  as i s  la ter  t h e  case 
with t h e  b las topore  l i p s  ( u l ) ,  then they  s t i l l  touch c lose ly  and eventua l ly  
even become glued toge ther .  Thus a more o r  less long, narrow canal  (chk) 
occurs beneath t h e  chord rudiment (Fig. 16, B ch) and it opens behind onto 
t h e  surface of t h e  p r imi t ive  furrow through t h e  neu ren te r i c  opening (Fig. 16 
A), and i s  un i t ed  with t h e  blastoderm c a v i t y  toward t h e  f r o n t  (Fig. 16 d) 
through a second opening. 

/463 changes i n t o  t h e  p a r i e t a l  middle l a y e r  and 2)  t h e  i n t e s t i n a l  l a y e r  l i p s ,  - 
With b las topore  c losure  only t h e  b las topore  l i p s  now coalesce 

O f  a l l  t h e  i n v e s t i g a t o r s  who have been occupied with t h e  first s t ages  
of mammalian development, van Beneden [Za] has probably s tud ied  t h e  chord 
canal  most ex tens ive ly  and p r e c i s e l y  i n  i ts  d i f f e r e n t  r e l a t i o n s .  
f i nd ,  a l l  h i s  da t a  f i t  my explana t io  Thus van Beneden notes--compare t h i s  
with t h e  diagram sketched by me- -  1 )  t h a t  t h e  coelomic f i s s u r e s  open a t  first 
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i n t o  t h e  chord cana l ,  2) t h a t  iment proceeds con t inua l ly  
l a t e r a l l y  i n  t h e  upper l a y e r  t ,  3) t h a t  t h e  f l o o r  o f  t h e  
canal  i s  transformed i n t o  t h  t h e  mesoblast. Van Beneden 

cana l .  According t o  my view n t  only a temporar i ly  separa ted ,  
small p a r t  o f  it while t h e  r e  a r t  evolves i n t o  t h e  cavity.  
of t h e  blastoderm, i n  which the  yolk has  re-formed, as i s  now genera l ly  

~ assumed. The chord canal  i s  j u s t  a more i n c i d e n t a l ,  chance s t r u c t u r e ,  t o  
.which no s p e c i a l  s ign i f i cance  belongs.  Therefore,  i t  opens even la te r ,  

”.as van Beneden descr ibes ,  a t  first i n  i t s  middle i n t o  t h e  blastoderm 

“ s a y s  t h a t  t h e  chord cav i ty  corresponds t o  t h e  archenteron o r  t h e  i n t e s t i n a l  

cav i ty  through numerous o r i f i c e s  which soon run toge ther  t o  form a s i n g l e  
longi tudina l  f i s s u r e .  I would l i k e  t o  express  it thus ly ,  t h a t  t h e  l i p s  of  
t h e  i n t e s t i n a l  l a y e r  s i t u a t e d  by one another  move a p a r t  a t  a c e r t a i n  s t age .  
F ina l ly ,  t h e  e n t i r e  chord canal  is  un i t ed  with t h e  p r i n c i p a l  p a r t  of t h e  
p r imi t ive  i n t e s t i n a l  c a v i t y  (blastoderm cav i ty ,  van Beneden) with the  
exception of  t h e  t y p i c a l  c a n a l i s  neurenter icus .  

I be l i eve  I may d iscover  
modif icat ion i n  m a m m a l s  ,I t h& 
a l l  f o l d  s t r u c t u r e s  are crowded toge the r  i n  a very narrow space i n  Hensen’s 
node and as a r e s u l t  t h e i r  l i p s  touch r i g h t  from t h e  beginning and only 
l a t e r  change i n t o  t h e  normal pos i t i on .  
v e r t e b r a t e  c l a s s e s  would be produced herewith 

s f o r  t h e  formation of t h i s  
of t h e  invagina t ion  process  

The agreement with t h e  remaining 

4. 

l a rvae  descr ibed i n  t h i s  t reat ise ,  as well as t h e  mesodidymi of bony f i s h e s  
and t h e  d i so rde r s  known under t h e  namy o f  sp ina  b i f i d a ,  are, according t o  
t h e i r  na tu re ,  arrest malformations, which have a r i s e n  by delayed c losure  
of  t h e  b las topore  and t h e  s p l i t t i n g  of t h e  a x i a l  organs connected with i t ,  
I wish t o  d i r e c t  a t t e n t i o n  i n  t h i s  s e c t i o n  t o  some o the r  r e l a t i o n s  of  t h e  
b las topore  t o  d i f f e r e n t  forms of  malfdrmations. 

--shown t h a t  from my s tandpoin t  t h e  f i rdt  beginning of  double and t r i p l e  
formations is  even more completely c l b i f i e d ,  as has[%i;eady happened 

- through t h e  exce l l en t  treatises of R a  

F i r s t  of a l l  I must do away with 

In  s o  doing it w i l l  be  

ve is  an erroneous 
conception. Roux [61] discussed a t  t of h i s  oft-mentioned 
t reat ise  t h e  ques t ion  whether, i n  t h e  case of f rog malformations, h i s  
hemiembryones laterales, produced by *lastopore cleavage, each h a l f  might 
no t  be ab le  t o  be r e s t o r e d  t o  form a 
manner, double malformations might no! be ab le  t o  come i n t o  being from a 
s i n g l e  egg. Roux considered it p o s s i t l e  t h a t  t h e  semimedulla, t h e  semi- 
chord and t h e  germ l a y e r  s i t u a t e d  ben$ath t h e  chord can be r e s to red  by 
postgenerat ion i n  t h  
d i r e c t l y  , “Every a n t  
morphosis, p rog res s i  i ve ly ,  a wide p i ece  of  t h e  o t h e r  

omplete rudiment and whether, i n  t h i s  

y impinge upon t h e  yolk cells 
rate i n  the  yolk during i t s  meta- 
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- - 'half  u n t i l  both s t r u c t u r e s  met i n  the  medial plane o f  the  e n t i r e  egg. 
I t h i s  region o f  contac t  t he  p ieces  1 body halves formed add i t iona l ly  

o t h e r  inasmuch as t h e  fqrmation 

rep which correspond t o  

In  t h i s  manner e spec ia l ly  dup- 

In  

meet p a r t s  corresporicB+g 

t h u s  obtained inco 
i d e s  takes  p lace  approxima l l y .  In  a seconda'cy 

amed by me and c l e a r l y  ~ the  l a w  of  doubled symmetry o 
-desc r ibed  already i n  t h e  ar t ic le  by Meckel. 

l i c i t a s  d o r s a l i s ,  which has not  y e t  been observed during i t s  formation, 
would be ab le  t o  arise and, of  course,  more f requent ly  d u p l i c i t a s  
dors icaudal i s ,  less f requent ly  dorsicephal ica ."  

This hypothesis s tands  i n  opposi t ion t o  t h e  facts. For i n  t h e  f irst  
p lace  we see  t h a t  i n  amphibians and f i s h e s  the  a x i a l  organs, which haven ' t  
reached coalescence i n  the  medial plane,  a r e  transformed a t  later s tages  
s t i l l  i n t o  a s t a t e  more o r  l e s s  corresponding t o  normal; i n  the  second p lace  
every p a r t  a l ready possesses t h e  counterpar t  belonging t o  i t ,  s o  t h a t  a 
devia t ion  o f  an unregulated s o r t  from the  norm e x i s t s  only i n  the  s p a t i a l  
arrangement and what i s  not  lacking need not  be postgenerated; i n  the  t h i r d  
p lace  the  yolk c e l l s  are not  t o  he 
substance awaiting d i f f e r e n t i a t i o n  but  even by t h i s  time as p a r t  o f  t he  s tock 
of  an organ rudiment, namely t h e  i n t e s t i n e .  

arded as an und i f f e ren t i a t ed  egg 

Thereupon Klaussner [33] soon a t t r i b u t e d  a very wide importance f o r  the  

Roux. He divided the  l a t t e r  i n t o  two l a rge  groups,- 1 )  i n t o  
arise' through primary p l u r a l i t y  o f  t he  rudiment and 2) i n t o  

c l a r i f i c a t i o n  of  mul t ip le  formation t o  the  hypothesis  expressed', r a t h e r  inti- 

those which a r i s e  through f i s s i o n  with postgenerat ion.  
the  former as twin,  t r i p l e t  and quadruplet  formations.  
t r i p l e  and quadruple formations .- 

H e  proposes t o  l a b e l  
The l a t t e r  as double, 

In  con t r a s t  t o  Klaussner and Roux I am now of  the  opinion t h a t  among 
the  ve r t eb ra t e s  mul t ip le  formations arise not  by way of  postgenerat ion of 
h a l f  rudiments which a r e  a l ready r e l a t i v e l y  widely d i f f e r e n t i a t e d ,  bu t  t h a t  
t he  condi t ions f o r  two o r  more rudiments a r e  a l ready  present  i n  the  embryo 
at e a r l y  s t ages .  In  t e l e o s t  embryos Rauber [SO-531 has advanced the  proof 
f o r  t h i s  view i n  t h a t  he followed the  o r i g i n  o f  double a n d . t r i p l e  monsters 
back r a t h e r  far, namely t o  the  s t age  when the  germinal d i sk  i s  s t i l l  r a t h e r  
small and t h e  f irst  rudiment o f  a hea rocess  can be recognized. Rauber 
remarks, "In the  usual case,  upon gra  1 enlargement and extension of  t h i s  
embryo over t h e  v i t e l l i n e  sphere,  a s l e ,  a t  first forward, embryonic 
rudiment reaches formation. Now, i n s  d, i n  t he  case of  an a x i a l  increase ,  
two o r  th ree  embryonic rudiments:-appear simultaneously.  I t  

i n  o the r  p laces  a l s o  as "advances of  t h e  germinal r ing",  which go out  from 
it i n  a meridional d i r e c t i o n  and are v e r t i c a l  a t  t h e  blastopore.  
consequence o f  t h i s ,  "the t a i l  p o r t i o  of  t h e  germinal o r i f i c e  a r e  always 
turned t o ,  t he  heads turned away f r o  t." According t o  Rauber, "the 
formation o f  severa l  rudiments always follows from t h i s  as a ' p l u r i r a d i a l "  
and stomatogenic" formation and dep 
the  germinal d i sk  region and i n  the  
Dif fe ren t  forms of  monsters r e s u l t  
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numerous rudiments occupy on , according as they l i e  nearer  
o r  more d i s t a n t  from one anot 
enl ightening presenta t ion  of  

a very conclusive and 

Y e t  i n  one po in t ,  which e s igni f icance ,  I cannot agree 
with him. Rauber regards t h e  the  germinal d i sk  as t h e  
blastopore l i p ,  which I have demonstrate above (page 
443) as not  proved c o r r e c t .  
develop not  only from a s i n g l e  c e l l  bu t  a l s o  from a s i n g l e  gas t ru l a ,  a 
g a s t r u l a  i n  which two o r  th ree  medullary rudiments form, contrary t o  t h e  
normal course. Thus Rauber remarks [52, page 163) i n  a manner no t  t o  be 
misunderstood about a double formation o f  Forel len eggs: "While only a 
g a s t r u l a  i s  present ,  t he re  e x i s t s  a double neurula ,"  under which name he 
designates  t h e  s t age  where the  rudiment of  t h e  medullary tube begins t o  
appear i n  t h e  embryo. 
thus develops i n  t h e  mult iple  formations from a s i n g l e  gas t ru l a . "  
84).  

He thereby permits t he  mul t ip le  formations t o  

/467 

And i n  another  p lace  he says:  "A mult ip le  neurula  
(46, page 

On t h e  o the r  hand according t o  my concept mul t ip le  formations can be 
t raced  back t o  mul t ip le  g a s t r u l a  invaginat ions.  Since now i n  the  d i f f e r e n t  
ve r t eb ra t e  classes, depending on the  p rope r t i e s  of  t he  egg c e l l s ,  which a r e  
determined f irst  of  a l l  by t h e i r  yolk content ,  t he  gas t ru l a t ion  process takes  
very d i f f e r e n t  forms--1 c a l l  a t t e n t i o n ,  f o r  example, t o  t h e  f u l l y  discussed 
r e l a t i o n  o f  t he  b las topore  l i p  and the  overgrowth margin t o  one another  
among t e l e o s t s ,  se lachiae  and amniotes--then it can e expected t h a t  t h e  kind 
of g a s t r u l a t i o n  process w i l l  manifest  i t s e l f  by the  pec ia l  development of 
mul t ip le  formations i n  t h e  ind iv idua l  ve r t eb ra t e  classes. 
Rauber has a l s o  d i r ec t ed  a t t e n t i o n  already t o  fundamental, r egu la r  r e l a t i o n s  
between normal and t l p l u r i r a d i a l  development." 
Hunter '!That a c h a r a c t e r i s t i c  s o r t  o f  malformation i s  e spec ia l ly  pecu l i a r  
t o  every s o r t  of animalff ,  he adds: "In fa r  as t h e  statement contains  
t r u t h ,  t h e  i n s t i g a t i n g  cause can be t r a  
i n  normal development. 
embryonic rudiments, t he  d i f fe rence  i n  the  degree o f  use of  t h e  germinal 
r i n g  f o r  t he  embryonic rudiments, t h e  presence of t o t a l  o r  p a r t i a l  cleavage, 
these  a r e  t h e  conditions which cause t e e s s e n t i a l  differences of  mul t ip le  
formation of  t he  d i f f e r e n t  ve r t eb ra t e  
mul t ip le  formations undergoing a chan 

In t h i s  regard 

S t a r t i n g  from a statement by 

back e s s e n t i a l l y  t o  d i f fe rences  
The d i f f e r e n t  s p a t i a l  r e l a t i o n s  between egg and 

i v i s i o n s ,  without t he  na ture  of  

I th ink  I can e s t a b l i s h  even more p rec i se ly  t h e  r e l a t i o n s  between s i n g l e  
' 

. The mul t ip le  invaginat ions o f  t he  gas t ru l a ,  which serve  as the  s t a r t i n g  
and mul t ip le  development and c l a r i f y  them f u r t h e r  by t h e  following theo r i e s :  

po in t  f o r  t h e  formation o f  mul t ip le  formations,  show di f fe rences  i n  t h e i r  
mutual behavior depending on the  charac te r  of t h e  egg and o f  t h e  gastru-  
l a t i o n  process pecu l i a r  t o  it. These d i f fe rences  bestow a c h a r a c t e r i s t i c  
f ea tu re  t o  t h e  mons t ros i t ies  i n  the  ind iv idua l  c l a s ses  of  ve r t eb ra t e s .  
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For i l l u s t r a t i o n  of  t h i s  g a s t r  
again make use of some diagrams. T 
con t r a s t  which e x i s t s  between the  b i shes  and t h e  b i rds  i n  norma 

on theory of  mult iple  formations I 
a r e  only supposed t o  show how t h e  
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.. development a l s o  appears agai  r of t h e i r  malformations, 
" .  

I begin with t h e  bony f i  diagram Fig.  11 (Pla te  20) two 
erminal d i sk  a t  a s l i g h t  
forward embryonic rudiments 

Rauber calls t h e  smaller po r t ion  o f  

ons have a r i s e n  on 
om one another  and 

i n  t h a t  t h e i r  i n  
manner i n  t h e  d i r e c t i o n  o f  a r ad ius .  
t he  germinal d i sk  margin? [ZI 
medial i n t e r space ;  t h e  laG& periphery he calls t h e  o u t e r  o r  la teral  i n t e r -  
space.  
continues f o r  some d i s t ance  on 
embryonic rudiment (or  from t h e  
i n t o  two segments, i n t o  t h e  b las topore  margin and i n t o  t h e  overgrowth 
margin. Since among t h e  t e l e o s t s  g a s t r u l a t i o n  extends f o r  a longer  i n t e r v a l  
and thereby a r a t h e r  considerable  po r t ion  of  t h e  overgrowth the  margin is  
transformed i n t o  b las topore  margin, t h e  smaller t h e  d is tance  between t h e  two 
embryonic rudiments included i n  development, t h e  ear l ier  t h e  inne r  i n t e r -  
space must be r a i s e d  f o r  enlargement as topore margins extending 
from l e f t  and r i g h t .  A s  a consequen 
which o r i g i n a l l y  a rose  sepa ra t e ly ,  must now run t oge the r  toward t h e  rear 
i n t o  a common hollow space.  

have folded up i n  a familiar 

which sepa ra t e s  both embryos, t h e  inne r  o r  

Each of these d iv ides  again i n  t h i s  way, t h a t  t h e  invaginat ion 
i n a l  d i s k  margin from t h e  forward 
of t h e  b las topore  included i n  c losure)  

t h e  double g a s t r u l a  c a v i t i e s ,  

Diagram 1 2  has r e s u l t e d  from Diagram 11. 

In t h e  f u r t h e r  course t h e  b las topore  margins can now enlarge  a t  t h e  
expense of  t h e  overgrowth margin only more on t h  
behave exac t ly  l i k e  t h e  margin po r t ion  o f  a simp 
they f o l d  up gradual ly  i n  t h e  medial plane t o  form a simple body por t ion ,  as 
represented i n  Diagram 13. 

teral  in t e r space ;  they 
a s t r u l a  and accordingly 
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I t  i s  obvious t h a t  t h e  f a r t h e r  a p a r t  t h e  f i rs t  invagina t ions  on t h e  
germinal d i sk  margin are, t h e  longer  t h e  two b las topore  regions remain 
separa ted  and t h e  l a r g e r  t h e  two embryonic bodies ,  which arise by con- 
crescence of  the  b las topore  margins, w i l l  t u r n  ou t .  And i n  case t h e  two 
b las topore  regions l i e  more o r  less opposi te  one another  on the  germinal 
d i sk  margin, they w i l l  genera l ly  be kept  completely separa ted  and, i n  t h a t  
each c loses  t o  form a r i n g ,  w i l l  y i e l d  two completely formed embryos, which 
are connected only with a band o f  abdominal wall as a r e s u l t  o f  t h e i r  common 
o r i g i n  from one yolk.  
t ake  p l ace  i n  a somewhat d i f f e r e n t  manner than i n  t h e  normal course,  s i n c e  
t h e  overgrowth margin i s  divided i n t o  two more o r  less symme[trical- halves  
by t h e  double embryonic rudiments. The overgrowth must become ring-shgped 
and push i n  between t o  sepa ra t e  both embryonic bodies .  

' 

I n  t h i s  case too  t h e  overgrowth of  t h e  yolk must 

, 

In  view of  H i s  and Rauber, t h a t  t h e  e n t i r e  germinal r i n g  i s  embryonic 
margin and i s  r a i s e d  t o  form t h e  body, t he  explanat ion of  "gastrodidymi o r  
omphalodidymi" raises d i f f i c u l t i e s  and demands some accessory assumptions. 
One should compare t h e  p re sen ta t ion  given by Rauber [50] i n  Virchow's 
Archiv (Volume 74, pages 78-81) i n  t h i s  regard.  With my theory of numerous 
b las topore  rudiments and on t h e  bas  my grasp o f  t h e  g a s t r u l a t i o n  
process ,  every d i f f i c u l t y  with t h e  a t i o n  ceases. 
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I t  w i l l  be of g r e a t  i n t e r e s t  now,' from t h e  viewpoint suggested,  t o  3 
-- con t ra s t  comparatively t h e  b i  

t i v e  o f  amniotes, with t h e  t e  
an genera l ly  regard as representa-  

According t o  t h e  ana lys i  on page 449, t h e  g a s t  
process  i n  b i r d s  i s  one va ry i  ee. For i n  them only - p a r t  o f  t h e  germinal d i sk  margin i s  t ansformed i n t o  b las topore  margin. The 
la t te r  c loses  mostly caudal ly  t o  form a r i n g  and i s  detached thereby from 
t h e  overgrowth r i n g .  A p r i o r i  t h i s  must be o f  fa r - reaching  inf luence  on 
t h e  formation of mul t ip l e  formations.  For i f  two invaginat ions arise on 
t h e  germinal d i sk  margin i n  t h e  b i r d s ,  then one can expect t h a t  they w i l l  
be kept separa ted  here ,  even with appos i t ion ,  where they soon fuse  i n t o  one 
i n  t h e  bony f i s h e s .  
14, 15.  Figure 11, which has a l ready  served us as a diagram f o r  t h e  i n i t i a l  
p o s i t i o n  of two embryonic rudiments of  a bony f i s h ,  i s  now supposed t o  
represent  a corresponding i n i t i a l  p o s i t i o n  f o r  t h e  double formation of  a 
chicken. 
ment of t h e  germinal d i sk  a po r t ion  of  t h e  inne r  i n t e r space  now lasts here  
and only a s l i g h t  po r t ion  o f  it serves  e longat ion  of  both p r imi t ive  
s t r e a k s  by t ransformation i n  b las topore  g in  toward t h e  l e f t  and r i g h t .  
Therefore ( i n  con t r a s t  t o  t h e  t e l e o s t s )  up t o  t h e i r  detachment these  always 
remain separa ted  from t h e  germinal margin by a p i ece  of i n t e r space ,  which 
possesses  t h e  property of  t h e  overgrowth margin. 
b las topore  regions i s  encountered i n  Diagram 
permanent s epa ra t ion  of  t h e s e  regions by t h e i  
d i sk  margin i s  encountered. 
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For i l l u s t r a t i o n  I refer t o  t h e  diagrams, Figures 11, 

I n  consequence o f  t h e  above emphasized condi t ions i n  t h e  enlarge-  

While fus ion  of  both 
2 and 13, i n  Diagram 14 and 15 

om t h e  germinal 

What was t h e o r e t i c a l l y  developed here  from the  course of  t he  gas t ru-  
l a t i o n  process  is  i n  fact  confirmed by t h e  observat ions which one has made 
about mul t ip le  formations i n  chickens and o t h e r  b i r d s  and r e p t i l e s  on many 
occasions.  
r e l a t ion , ' o the r  than t h a t  i n  t h e  bony f i s h e s .  
t he  desc r ip t ions  and i l l u s t r a t i o n s  of Dareste E l l ] ,  Panum [43] Rauber, 
Gerlach, Klaussner and o t h e r s ,  then  w e  f i n d  t h a t  very f requent ly  within a 
common clear embryonic area t h e r e  occur two o r  t h r e e  embryos, separa ted  from 
one another  and more o r  less widely developed. 
always d i r e c t e d  toward t h e  c e n t e r  of t h e  clear germinal area, t h e  t a i l  ends 
toward t h e  germinal d i sk  margin as must be t h e  case according t o  t h e  law of  
t h e i r  o r i g i n  a l ready  emphasized by Rauber. 
rudiments can show t h e  most d i f f e r e n t  angle  o f  p re sen ta t ion  t o  one another .  

I n  fact  i n  them mul t ip le  formations i n  t y p i c a l  fash ion  show a 
If we look more c lose ly  through 

Moreover, t h e  heads are 

The a x i s  of t h e  embryonic 

A t  times they are d i r e c t e d  p a r a l l e l ,  i f  they  l i e  c lose  beside one 
another ,  o r  they form an acute, o r  more o f t en ,  an obtuse angle with one 
another .  F ina l ly  they can even be s o  o r i en ted  t h a t  t h e  axis  o f  one fa l l s  
i n t o  a d i r e c t  extension of  t h e  o the r ,  t h e  heads turned toward t h e  center ,  
t he  t a i l  ends toward t h e  ou t s ide .  
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(Opposition p o s i t i o n ) .  

I t  w i l l  be of  i n t e r e s t  t o  d e t e r  somewhat more p r e c i s e l y  t h e  
d i f f e rences  between both v e r t e b r a t e  
with one another ,  

ses sepa ra t e ly  and t o  con t r a s t  them 
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In  t h e  bony f i s h e s  completely seljarated double formations,  which connect'  
only through t h e  yolk sac, are i n  b i r d s  they  form t h e  major i ty .  

In  t h e  f i s h e s  t h e  embryos only remain separa ted  when they  are 1 
i n  oppos i t ion  p o s i t i o n , i . e .  o of  t h e  germinal d i sk ,  
with each g r e a t e r  approximati er  fus ion  of  t h e i r  h i n  
occurs .  On t h e  o t h e r  hand i n  s ,  even with g r e a t e r  opposi t ioh w e  do 
not see fus ion  occur because t h e  in t e r space  remains f o r  t h e  most p a r t  as 
overgrowth margin. 
brought nea r  with t h e i r  caudal ends but  o f t e n  they  are even conveyed even 
f u r t h e r  i n t o  divergent  d i r e c t i o n .  

The mul t ip le  rudiments are the re fo re  n o t  only no t  

In t h e  bony f i s h e s  double format ons with secondar i ly  fused head ends 
and double separa ted  body and t a i l  ends have never been observed; i n  b i r d s  
they develop f r equen t ly  s ince ,  as Gerlach [18] remarked, i f  t h e  forward ends 
of t h e  p r imi t ive  s t r e a k s  l i e  too  c l o s e  toge ther  toward t h e  cen te r  of t h e  
germinal d i sk ,  "the condi t ions  f o r  a c o l l i s i o n  of  t h e  head ends o f  both 
embryos are preeminently present . "  Perhaps even as a consequence of t h e  
premature detachment of t h e  b l a s  from t h e  germinal d i sk  margin 
and of t h e  growth of  t h e  hind PO 
t i o n ,  t h e i r  forward ends are pushed toge the r  toward t h e  cen te r  of  t he  
germinal d i sk  even more as it corresponds t o  t h e i r  f i rs t  o r i g i n .  
ing ly ,  one f inds" ,  as Gerlach continued i n  h i s  summary, " in  double formations 
p a r t l y  a more o r  less profound fus ion  of  both he 
appear as a s t r u c t u r e  which i s  ex te rna l ly ,  t o  be re,  simple,  bu t  on t h e  
o t h e r  hand i s  deformed t o  a high degree; p a r t l y  
more s u p e r f i c i a l  connection of both heads , ' f u r the r  o f  t he  neck and tho rac i c  
reg ion .  

r i m i t i v e  groove by intussuscep- 

"Accord- 

, whereby these  can even 

f inds ,  however, only a 

F ina l ly ,  i n  t h e  conversely i r r a d i a t e d  embryonic rudiments t h e  heads 
meet with one another  d i r e c d y  i n  c 
d i f f e r e n t  forms of craniopathy res 
of two b i r d  embryos and t h e  
monster of  a salmon t h e r e  exijSts a 
it i s  a quest ion o f  a seconda 
and normally e s t ab l i shed  body 
consequence of  which t h e  orga 
growth. 
body ha lves ,  which supplement each o t h e r  t o  form a normal cons t i t u t ed  body 
segment and as counterpar t s  belong t o  one another .  

o f  a coalescence,  from which 
Between t h e  fus ion  of t h e  head ends 

f a s i n g l e  hind end i n  t h e  double 
amentally important d i f f e rence .  There 

ce toge the r  of  a l ready  completely 
produced by lack of  space,  as a 

Here, on t h e  o t h e r  hand, i t  i s  a quest ion of  t h e  fus ion  of two 
encroach upon one another  i n  t h e i r  

While i n  t h e  bony f i s h e s  m a l  ormations with forward doubling 
( s ing le  body with two heads) are most f requent ,  i n  b i r d s  they subside very 
much i n  number i n  r e l a t i o n  t o  o t h e r  f rms. Rauber remarks about them: 
"Direct observat ions of  forward divergence, i . e . ,  Y-shaped double formations 
of chickens,  pose d i f f i c u l t i e s  f o r  t h e  explanat ion i n  a s t range  way. I t  is  
as i f  t h e  conjunct ive moment appearing so  s t rong ly  i n  t h e  f u r t h e r  develop- 
ment of  double rudiments of  bony f i  can, under c e r t a i n  condi t ions ,  a l s o  
appear i n  g r e a t e r  measure i n  double 
Cases of  t h i s  kind are r e l a t i v e l y  ra  t h e i r  

ments o f  b i r d s  than  happens normally. 
s can s t  



streaks w i l l  always keep theqsame d i s t ance  at t h e i r  hind 
s t ages  with t t e r space  remaining t h  
must converge i t h  t h e  disappearance 
. Fina l ly ,  strula invagina t ions  1 

s ti 1 1 somewhat f a r t h e r  case,  then t h e  hind 



because with a f u r t h e r  en larg  
margin increases  more i n  ex te  

r in t e r space  t h e  overgrowth 
astopore margin i s  formed and 

- used f o r  e longat ion of t h e  p 

onnection with my c e formation by f i s h  an 
should s t i l l  be ca h a t ,  as has a l ready been 

emphasized by o t h e r  p a r t i e s  ( Rauber, Gerlach),  "through t h e  r ad ia t ion  theory 
a phenomenon f requent ly  discussed on t h e  p a r t  o f  t e r a t o l o g i s t s  f i n d s  i t s  
extremely simple and na tu ra l  explanat ion:  
s t r i k i n g  i n  double malformations of a h igher  degree (complete a x i a l  dup- 
l i c a t i o n )  t h a t  both components o f  them a r e  connected with one another a t  
analogous p a r t s  of t he  body'( (Gerlach). Head with head, thorax with thorax 
must fuse  with g r e a t e r  j ux tapos i t i on  of both components, because these  are 
o r i en ted  i n  t h e  same d i r e c t i o n  preceding from t h e  germinal margin. 

namely t h e  fact which is  a t  once 

The theory by which the  d i f f e r e n t  charac te r  of  double malformations i n  
bony f i s h e s  and b i r d s  has been expl d can perhaps serve  us s t i l l  f u r t h e r  
f o r  t h e  explanation of why i n  v e r t e  s, which- de-  el lop from small, holo- 
b l a s t i c  eggs, i n  cyclostomes, amphibians and!nanoida_-. double malformations 
have been observed e i t h e r  not  a t  a l l  o r  only very ' r a r e ly .  

A double embryo of  t h e  salamander, i n  which, however, t h e  eggs a r e  j u s t  
exceedingly l a rge ,  have been descr ibed by Braun [7]. Born [6] had the  
opportuni ty  t o  c o l l e c t  severa l  double embryos from a s tock of  RANA but d id  
not  publ i sh  more p r e c i s e  d e t a i l s  of t h e i r  anatomy. Meanwhile, i f  one con- 
s i d e r s  how o f t e n  f rog  spawn i s  inves t iga t ed  and the  aritiEica1 f e r t i l i z a t i o n  
of f rogs '  eggs c a r r i e d  ou t ,  then the  s c a r c i t y  of  t h i s  kind of  da t a  must 
c e r t a i n l y  s u r p r i s e  and make p l a i n  t o  us the  assumption t h a t  i n  t h e  animal 
c l a s s e s  named mul t ip le  formations probably w i l l  not  be formed as f requent ly  
as i n  t h e  t e l e o s t s  and amniotes, and perhaps w i l l  not  be formed a t  a l l .  
Even Rauber has emphasized t h i s  phenomenon and attempted t o  expla in  it by 
the  f a c t  t h a t  i n  h o l o b l a s t i c  eggs ?room f o r  a second rudiment is  very 
l imi t ed  and t h a t  eggs of t h i s  charac te r  are ex t r ao rd ina r i ly  l i t t l e  s u i t e d ,  
not so  much t o  e s t a b l i s h  double formations but  much more t o  br ing  them t o  
any advanced s t age  of development." 
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According t o  my view t h e  phenomenon touched upon could be connected 
here a l s o  with t h e  kind of gas t ru l a t ion  process ,  e i t h e r  i n  such a way t h a t  
invaginat ions cannot form a t  a l l  i n  two d i f f e r e n t  p laces  because of t h e  
l imi ted  space i n  t h e  b l a s t u l a  o r  perhaps i n  such a way t h a t  two sepa ra t e  
invaginat ions arise, t o  be su re ,  but  f u s e  prematurely i n t o  one before  it 
has come t o  coalescence of  b las topore  margins a t  two separa te  p laces  and 
thereby t o  t h e  formation of two sepa ra t e  medullary p l a t e s .  
case one could say t h a t  as regards t h e  rudiment a mult ip le  formation present  
i n  t h e  embryo has ,  t o  a c e r t a i n  ex ten t ,  remained l a t e n t  because it had not  
found t h e  p o s s i b i l i t y  of  i t s  development. 

In t h e  l a t t e r  

Perhaps it can be hoped t h a t ,  ves t iga t ion  of  f r o g ' s  eggs a t  s t ages  
o f  of development e a r l i e r  than those have served as the  s t a r t i n g  
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~- t h i s  work, an answer w i l l  be ob ta ined ' to  t h e  quest ion which has been posed. 
- "Also  w e  might th ink  about the 

a r r e s t  malformations perhaps 
l a t i o n  t o  mul t ip le  malformati 
condi t ions.  

f r o g ' s  eggs descr ibed by me as 
treme forms i n  a causal  re- 
produced by t h e  same 

A supposi t ion of t h a t  kind cannot be completely r e j e c t e d  especi  
one considers  an observat ion by Rauber. According t o  him " r e s t r a i n t s  for 
t h e  d i r e c t ,  f u r t h e r  j o in ing  o f  t h e  o u t e r  in te rspaces  f o r  t h e  formation o f  a 
common body p a r t  e a s i l y  appear with t e presence of two forward embryonic 
rudiments. The do r sa l  f i s s u r e  i n  t h e  region of t h e  common s i n g l e  body 
segment is then joined t o  form a forward doubling." 

However, we s h a l l  b e  ab le  t o  obta in  evidence regarding these  and o the r  
quest ions only when w e  know beforehand what deeper causes must be a c t i v e  
i n  t h e  egg i f ,  i n s t ead  o f  a normal, s i n g l e  invaginat ion,  s eve ra l  separa te  
g a s t r u l a  invaginat ions are t o  develop o r  two embryos a r e  t o  develop from a 
s i n g l e  egg c e l l .  

5 .  Under What Conditions Can M u l t i p l e  R u d i m e n t s  Arise  From a S i n g l e  Egg 
eel l ?  

The quest ion posed i n  the  previous chapter  and serv ing  i n  t h i s  chapter  

In  the  l i t e r a t u r e  t h e r e  
as a t i t l e  n a t u r a l l y  forces  i tsel f  upon everyone who has concerned himself 
ex tens ive ly  with t h e  s tudy o f  mul t ip le  formations.  
has not  been a lack of hypotheses which a r e  supposed t o  make t h e  process 
more understandable f o r  us. Experiments have a l s o  been f requent ly  performed 
i n  order  t o  produce malformations a r t i f i c i a l l y  by an experimental method, 
e spec ia l ly  through mechanical i n j u r i e s  ( s p l i t t i n g  of  t he  embryonic rudiment) 
o r  through o the r  methods of  at tack. 
c lose ly  i n  t h i s  regard i s  r e f e r r e d  to , / the h i s t o r i c a l  p resenta t ions  by 
Rauber and Gerlach. 
our  present  knowledge the  answer t o  t h e  quest ion might t u r n  ou t .  

Whoever wishes t o  inform himself more 

I t  now l ies within my power t o  show how, according t o  

Dif fe ren t  ways i n  which t h e  o r i g i n a l  s i n g l e  rudiment o f  an egg c e l l  
can be increased t o  two o r  t h r e e  appear t o  me  t o  be poss ib l e .  
is t h e  separa t ion  o f  t h e  p a r t i a l  products of  an egg i n t o  seve ra l  p a r t s  
which no longer inf luence  each o the r  mutually i n  t h e i r  development. 

Such a way 

According t o  t h e  theory of  here  
two publ ica t ions  [22]  each component 
t h e  process of nuclear  d iv i s ion ,  j u s  
nucleus,  both as t o  quan t i ty  and q u a l i t y .  
he red i t a ry  substance it c a r r i e s  wi th in  i t s e l f  t h e  p o s s i b i l i t y  of reproducing 
the  whole from i tself  under s u i t a b l e  condi t ions.  I a m  glad t o  have obtained 
a new important argument f o r  t h i s  co 
of Driesch and Chabry . 

t y  worked out  more p r e c i s e l y  by m e  i n  
i e c e  of t h e  egg c e l l  rece ives ,  through 
as much he red i t a ry  substance i n  i t s  

Through t h e  possession of  t h i s  

t i o n  i n  t h e  i n t e r e s t i n g  experiments 

/476 
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- According t o  a method a l ready  usdd by me  f o r  o t h e r  purposes,  Driesch /477 
-_ [12] has shaken sea urchin e 
- t i m e ,  and has thus  i s o l a t e d  0 t h  first cleavage cells from one 
--another  apd has  r a i s e d  them 

e j u s t  divided f o r  t h e  first 

In  t h i s  way he obtained i n  
30 cases 30 normal b l a s t u l a e  i n  15 cases, a t  t h e  en 
the  second day, small g a s t r u  ree s t i l l  developed f u  

' form t r u e  P l u t e i .  Dreisch h shed the  important fa 
i s  i n  harmony with my conception of  organic  formation, t h a t  "an i s o l a t e d  

. cleavage c e l l ,  i f  it l i v e s  a t  a l l ,  always develops t o  Eorm a s t r u c t u r e  which . i s  d is t inguished  from t h e  normal only by i t s  s i z e , "  and t h a t  it produces 
I from i t s e l f  no h a l f  s t r u c t u r e ,  i n  R O U X ~ S  sense,  b u t  again "an e n t i r e  i n d i v i -  

dual o f  h a l f  s i ze ,  a component s t r u c t u r e . "  
~ not  t o r n  by t h e  ene rge t i c  shaking but  "only s t rong ly  s t r e t c h e d  and the  

contact  of  t h e  cleavage cel ls ,  which i s  otherwise r a t h e r  narrow i n  t h e  two 
s t age ,  became loosened." 
small g a s t r u l a  developed i n  one egg membrane i n  seve ra l  cases. 
cells  a r i s i n g  by d i v i s i o n  from one egg had the re fo re  y ie lded  twins which 
were mostly completely separa ted  from one another  bu t  s tood  i n  permanent 
union i n  one case.  

A t  times the  egg membrane was 

The r e s u l t  was t h a t  two small b l a s t u l a e  and two 
Both cleavage 

If i t  were poss ib l e  i n  a f rog  egg divided i n t o  two h a l f  spheres ,  t o  
remove one of  them completely without any damage t o  t h e  o t h e r ,  then from t h e  
component p a r t  a complete, normal only somewhat smaller f r o g  l a r v a  would 
have t o  be grown. The component h a l f  would transform, af ter  it had cleaved 
f u r t h e r ,  t o  form a normal blastoderm, a normal b i n  the  same 
manner as t h e  e n t i r e  egg and would be reduced on 
necessary through t h e  halving o f  t h e  substance capable of  dev 
it were f u r t h e r  poss ib l e  t o  shove an i s o l a t o r ,  whichrab 
between them, between t h e  first two cleavage cells o f  a 
plane of  contac t ,  then an e n t i r e  normal embryo, s i n g l e  and alone as a r e s u l t  
o f  i t s  i s o l a t i o n ,  would have t o  form 
would appear.  

would be come 

hed any , r e l a t i  
egg i n - i t s  

om each h a l f ,  From t h e  egg twins ? 

The results a t  which Roux E611 a r i v e d  i n  h i s  treatise 'Ion t h e  a r t i f i c i a  
production of  h a l f  embryos by des t ruc  ion  o f  one of  t he  first two cleavage 
spheres," appear t o  harmonize only s l  gh t ly  with these  conclusions.  
himself has summarized h i s  e s s e n t i a l  e s u l t s  b r i e f l y :  "After des t ruc t ion  of 
one of  t h e  f i rs t  two cleavage cel ls  the o t h e r  is a b l e  t o  develop i n  t h e  
normal manner t o  form an e s s e n t i a l l y  dormal h a l f  embryo. 
obtained hemiembryones laterales and a n t e r i o r e s  besides  t h e  corresponding 
first s t ages  of semiblas tu la  and se  t r u l a .  Three q u a r t e r  embryos with 
lack of  a la te ra l  head h a l f  were a1 
the  second cleavage. 

Roux 

In  t h i s  manner w e  

t a ined  by puncture o f  t h e  egg a f t e r  

Driesch has a l ready  emphasized c o n t r a s t  between h i s  r e s u l t s  and 
those obtained by Roux. I do no t  t now t h a t  t h i s  con t r a s t  r e a l l y  
depends upon a d i f f e r e n t  behavior o 
f rog ,  bu t  is  assoc ia ted  with d e f i c i  

avage cel ls  of  an echinoderm and a 
s which accompany ROUX'S experiments. 

Roux has  no t  completely separa ted  by h i s  puncture experiments 
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t he  damaged cleavage cel ls  fr 

himself has a l ready  f e l t  t h i s  
A t  first he only punctured t h  
procedure was soon given up , mee ,even with repeated punc 
with simple,  f i n e  needles  and e l a rge  e x t r a  ova ta  thus 
t h e  cel ls  developed normally. needle  was heated be f o r 
p ie rc ing ,  whereby b e t t e r  res 
of  t h e  s o r t  " tha t  i n  some 20% o f  operated eggs only t h e  uninjured cel ls  
survived t h e  t reatment ,  while t h e  major i ty  per i shed  completely and some few, 
i n  which t h e  needle had probably a l ready  been too  cold,  developed normally." 
Roux operated f u r t h e r  with l a rge  masses of cel ls  which were "not i so l a t ed"  
b u t j l y i n g  toge the r  i n  b a l l s  a f t e r  the  formation of t h e  f irst  furrow, i n  o rde r  
t o  se lec t  therefrom, a f te r  some hours o r  on another  day, and t o  s e t  up 
sepa ra t e ly  t h e  ones i n  which t h e  operated cleavage sphere had not  furrowed. 

o f  development; he has  damaged 
.and r e t a rded  them only more o development; moreover Roux 

d i s tu rb ing  i n  h i s  experiments. 
y extra ova ta  r e s u l t e d ;  t h i s  

& 
ed; bu t  even now these  were s t i l l  

/4 79 

A s  I i n t e r p r e t  t h e  matter, Roux has  the re fo re  obtained no h a l f  b l a s t u l a ,  
h a l f  g a s t r u l a  o r  a h a l f  embryo i n  h i s  * ts. Ins tead  he has obtained 
an e n t i r e  b l a s t u l a ,  an e n t i r e  g a s t r u l  i r e  embryo which o f  course,  as 
a r e s u l t  o f  t h e  damage i n f l i c t e d  upon them, cons is ted  o f  a normally and an 
abnormally developed component. In  some of t h e  c ross -sec t ions  i l l u s t r a t e d  
by Roux, t h e  yolk mass was not  divided i n t o  cel ls .  That it was not  e l imin-  
a t ed  from t h e  development as a dead p a r t  could be concluded from t h e  fact  
t h a t  it was permeated by numerous nuc le i  around which even r a d i a t i o n  of  t h e  
protoplasm had formed. 
cleavage nucleus of  t he  operated cleavage sphere,  which the re fo re  cannot 
have been k i l l e d  by t h e  t reatment .  

Roux is  i n c l i n e d  t o  der ive  t h e  nuc le i  from the  

In  t h e  puncture experiments of  Roux I see only one th ing  demonstrated, 
t h a t  i n  t h e  undis turbed course of  development t h e  cell  material o f  one s i d e  
of t h e  body i s  der ived p r i n c i p a l l y  from one o f  t h e  first two cleavage ce l l s .  
A s  a r e s u l t  o f  t h e  con t inu i ty  of  development, c e r t a i n l y  i n  a n a t u r a l  manner, 
every o l d e r  ce l l  group must be ab le  t o  be t r aced  back t o  a preceding younger 
group and thus  f i n a l l y  c e r t a i n  body por t ions  must be ab le  t o  be t r aced  back 
t o  c e r t a i n  cleavage cells .  On t h e  o t h e r  hand, I do no t  f i n d  t h e  ca rd ina l  
po in t  demonstrated by ROUX'S experiments, t h a t  nothing else than t h e  l e f t  
body h a l f  must develop from t h e  l e f t  cleavage ce l l  under a l l  circumstances,  
because it contained t h e  d i f f e r e n t i a t i n g  and molding forces  only f o r  t h i s .  

The p o i n t  of d i f f e rence  i s  of  ex t raord inary  s ign i f i cance  f o r  t h e  
va lua t ion  o f  organic  developmental processes:  according t o  ROUX, t h e  dev- 
elopmental processes  are "not t o  be c ns idered  as a consequence o f  t h e  
cooperation of  a l l  p a r t s  o r  even of a 1 nuclear  po r t ions  o f  t h e  egg, bu t  i n  
p lace  of such d i f f e r e n t i a t i n g  r e c i p r o  a1 ac t ions  on one another ,  t h e  self- 
d i f f e r e n t i a t i o n  of t h e  first cleavage cel ls  and o f  t h e  complex of  t h e i r  
de r iva t ives  advances t o  a c e r t a i n  p i ece  of  t h e  embryo." Each o f  t h e  first 
two cleavage spheres  "thus conta ins  nQt only t h e  bui ld ing  material f o r  t h e  
corresponding p i ece  o f  t h e  embryo, 
forces .  The cleavage d iv ides  t h e  p o f  t h e  germinal substance which /480 

' 

s o  t h e  d i f f e r e n t i a t i n g  and molding 
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' accomplishes t h e  d i r e c t  development o f  t h e  ind iv idua l ,  e s p e c i a l l y  of  t h e  
nuc lear  material q u a l i t a t i v e l y  simultaneously,  a long with 

gement of t hese  d i f f e r  substances t h a t  occur,  t h e  
of  t h e  la ter  d i f f e r e n t  o f  t h e  embryo." Roux remarks, 

"Gastrulat ion takes  p l ace  i n  
a l s o  t h e  case i n  t h e  caudal s .  Therefore,  it i s  t rue s 

a l s o  f o r  t h e  q u a r t e r  concerned, and w e  can conclude with regard t o  t h e  
observed f u r t h e r  development o f  t h i s  qua r t e r ;  t h e  development of  t h e  f r o g  
g a s t r u l a  and o f  t h e  embryo r e s u l t i n g  therefrom is after t h e  second cleavage, 
a mosaic process ,  and indeed r e s u l t s  from a t  least fou r  v e r t i c a l ,  indepen- 
dent ly  developing p i eces . "  

ependently,  and t h e  same i s  

4% 

I must p l ace  t h e  a n t i t h e s i s ,  opposi te  o f  t h i s  t h e s i s :  1 )  The develop- 
ment of an organism i s  no mosaic process;  
develop i n  r e l a t i o n  t o  one another  o r  t h e  development of a p a r t  is dependent 
upon t h e  development of  t h e  whole. 

2 )  The po r t ions  of an organism 

What t h i s  t h e s i s ,  an a n t i t h e s i s  amounts t o ,  t h e  reader  w i l l  
b e s t  l e a r n  i f  w e  consider  t h e  first t 
separa ted  i n  t h e  plane o f  d iv i s ion  by an i s o l a t o r ,  as was a l ready  mentioned 
above. Since no i n j u r i o u s  t reatment  has taken p lace ,  a s ide  from t h e  sup- 
press ion  o f  i n t e r r e l a t i o n s ,  then  development must proceed f u r t h e r  on both 
s i d e s  of  t h e  i s o l a t o r .  
f e r e n t i a t i n g  and molding forces  f o r  t h e  l e f t  and r i g h t  s i d e  of  t h e  body of  
t h e  embryo, and s i n c e  d i f f e r e n t i a t i n g  r ec ip roca l  ac t ions  are genera l ly  
denied, according t o  ROUX, a t  first a le f t  and r i g h t  b l a s t u l a  h a l f ,  from 
each again a corresponding g a s t r u l a  and f i n a l l y  two complete body halves  
would arise, which, i f  they were no t  separa ted  i n  t h e  medial plane from one 
another  by t h e  i s o l a t o r ,  would be r e s to red  t o  form a normal embryo. 
i ng  t o  my conception and t h a t  is probably a l s o  t h e  conceptiontD which Driesch 
w i l l  be l e d  
t ransforms- in to  a ce l l  mass from which a complete b l a s t u l a ,  a complete 
g a s t r u l a ,  and a complete embryo of only moderate s i z e  arises. According t o  /481 
my conception t h e r e f o r e ,  each o f  t h e  f i rs t  two cleavage ce l l s  contains  not  
only t h e  d i f f e r e n t i a t i n g  and molding forces  f o r  a body h a l f ,  but  a l s o  f o r  t h e  
e n t i r e  organism, and t h e  l e f t  cleavage c e l l  develops i n  a normal manner t o  
form t h e  l e f t  body h a l f  only through t h e  fact t h a t  i t  i s  placed i n  r e l a t i o n  
t o  a r i g h t  cleavage ce l l .  

vage cel ls  of t h e  f rog  egg 

Since each cleavage c e l l  contains  only t h e  d i f -  

Accord- 

on t h e  b a s i s  of h i s  experiments, each of  t he  two cleavage cells 

I 

I mentioned above as support  f o r  my conception, as well as Dr iesch ' s ,  
In  theory t h i s  t he  experiments o f  t h e  French i n v e s t i  a t o r  Chabry [ l o ] .  

i n v e s t i g a t o r  i s  o f  t h e  same viewpoint as Roux. 
and f o r  animals whose cleavage cel ls  ave d i f f e r e n t i a t e d  e a r l y  " tha t  each 
blastomere contains  i n  effect  c e r t a i n  p a r t s  whose i r remedia l  l o s s  r e s u l t s  
i n  i t s  death,  and t h a t  t h e  d i f f e r e n  ts of t he  animal are performed i n  
t h e  d i f f e r e n t  p a r t s  of t h e  egg." H eriments appear t o  m e ,  however, t o  
show j u s t  t h e  opposi te  of  t h a t .  

H e  assumes f o r  t h e  a sc id i ans  

With t h e  he lp  of  s p e c i a l l y  inv  , ingenious instruments Chabry (1887) 
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has destroyed ind iv idua l  cleavage cells of  A s c i d i e l l a  aspersa  by p i e rc ing  
with f i n e  g l a s s  needles .  If d t h e  l e f t  o f  thebf i r s t - two 
cleavage cel ls ,  which i s  supp 
h a l f ,  then he should grow i n  sev  
cleavage c e l l ,  a l a r v a  whose mn, l ength  and usual  s t r u c t u r e .  
The t h r e e  l a y e r s  of  t h e  b l a s t  

. represented  by a s p o t  pigmented with small granules  s i t u a t e d  a t  t h e  base of 
t he  t a i l  i n  t h e  concavity of  i t s  p o i n t  of attachment t o  t h e  t runk .  
of it t h e r e  e x i s t e d  a p a p i l l a  of  f i xa t ion . ' '  
was destroyed,  then,  as Chabry expressed i t ,  he produced: l e f t  h a l f  i n d i v i -  
dua ls ,  o f  which he remarks: "They can show t h e  same organs as t h e  r i g h t  
h a l f  i nd iv idua l s  with t h e  exception, no doubt, o f  t h e  o to l i t h . ' I  The r e s u l t  
was t h e  same i f  t h e  two r i g h t  o r  t h e  two l e f t  cells were destroyed a t  t h e  
second cleavage s t a g e .  Chabry i l l u s t r a t e d  one l a r v a  thus obtained with t h e  
remarks: 'IIn s p i t e  of  i t s  s t r i k i n g  resemblance t o  an ordinary l a rva ,  i t  i s  
only,  however, t h e  moietry of a l a r v a .  The general  form i s  good enough, /482 
t h e  t runk and t h e  t a i l  are d i s t i n c t . "  Even with des t ruc t ion  of  t h e  two cel ls  
s i t u a t e d  t o  t h e  f r o n t  o r  t o  t h e  n l y  one of  them, la rvae  could 
be grown. In  t h e  sense of  h i s  t y l ays  stress upon t h e  circum- 
s tance  t h a t  upon des t ruc t ion  o f  c e r t a i n  ce l l s ,  no o t o l i t h  and only one 
adhesive p a p i l l a  have been found. However, t h a t  is  of  very minor importance 
when one considers  t h a t  a l l  t h r e e  germ l aye r s ,  chord, muscles, nerve 
rudiments, i n t e s t i n a l  cana l ,  e tc .  as a whole have developed according t o  the  
norm, and probably t h e  o t o l i t h  and t h e  adhesi  
a r i s e n  i f  t h e  l a rvae ,  exposed t o  s o  many dama manipulations (repeated 
s tudy)  had no t  died so e a r l y .  I n  Ascidians,  o c e l l a  are even formed i n  t h e  
region of a r t i f i c i a l l y  produced openings of  t h e i r  per - thorac ic  space (Loeb 

t h e  material f o r  t he  l e  
rom t h e  r i g h t ,  uninjured 

i n c t  and t h e  nervous system 
8 

In  f r o n t  
If t h e  r i g h t  cleavage sphere 

a p i l l a  would a l s o  have 

39). 

A t  t h e  conclusion of h i s  t r e a t i s e  even Chabry himself tempers t h e  f u l l  

as a h a l f  concession 
s t r e n g t h  of  h i s  conception t h a t  t he  organs are preformed i n  ind iv idua l  
cleavage ce l l s  by t h e  sentence which one can cons ider  
t o  my conception: "in effect  it appeared t o  me  t h a t ,  by t h e  death of  a 
ce l l ,  t h e  s t r e n g t h  of  t h e  surv ivors  was changed and t h a t  they  then gave 
b i r t h  t o  those  p a r t s  without which they would not  have been produced." 

The d is t inguished  experiments by Chabry have, i n  my eyes,  brought t o  
l i g h t  a very important conclusion, which Driesch has a l ready  summarized i n  
t h e  following sentences.  
from t h e  non-operated cleavage ce l l ,  bu t  always an e n t i r e  embryo of  h a l f  
s ize ,  which, of  course,  is lacking c e r t a i n  organs of  lesser importance 
( o t o l i t h ,  and adhesive organ).  
p i c t u r e s  by Chabry make t h i s  c e r t a i n : '  t h e  r e s u l t  i s  thus opposed e s s e n t i a l l y  
t o  t h a t  o f  Roux. 

"A h a l f  r i g h t  or l e f t  embryo does not  develop 

The s p e c i a l  experiments c a r r i e d  out  and t h e  

The conception of  organic  develogment represented  here  harmonizes with 
t h e  experiments o f  b o t a n i s t s  and with t h e  product ive experiments of  Loeb 
[39] extended i n  a similar manner t mal o b j e c t s .  
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i The way, discussed i n  t h e  f irst  glace, i n  which mul t ip le  formations 

me no t  t o  have re ference  t o  any 
o d iv ide  the  egg i n t o  two p a r t s  

can o r i g i n a t e  from a simple e 
s tandard i n  t h e  normal course 
capable of  development by mec no simple beginning. We can 
learn  a l s o  by d i r e c t  observat 

rom an undivided ger  
l t i p l e  formation a t  

es, t h a t  the  mul t ip le  rudiments 
s h  eggs c o l l e c t i v e l y ,  which 
, were not  l a r g e r  than usual 

and were d is t inguished ,  a s ide  from the  mul t ip le  formation i t s e l f  i n  being 

From t h i s  Rauber concludes: "the embryo of a later mul t ip le  formation must 
a l ready  possess mul t ip le  design force ,  whose execution determines ind iv i -  
dua l i t y ,  e i t h e r  before  f e r t i l i z a t i o n ,  which is more probable,  o r  it must 
ob ta in  it by the  effect of t he  sperm on the  egg. 
a quest ion of  causes which must a l ready have ac ted  upon t h e  egg before  the  
cleavage process ,  and among t h e  causes which come i n t o  quest ion here ,  I 
maintain,  t h a t  anomalies of t h e  f e r t i l i z a t i o n  process  (polyspermy o r  over- 

"provided  with nothing t h a t  wouldn't have been seen i n  s i n g l e  formation." 

I be l ieve  a l s o  t h a t  it i s  

A s  was e s t ab l i shed  first b [21, 271 and Fol [16, 171 i n  
echinoderms, under normal condi egg is  f e r t i l i z e d  by a s i n g l e  
spermatozoa, while i n  eggs which have su f fe red  
more o r  less numerous spermatozoa pene t r a t e .  
develop normally, a l l  o t h e r  show disorders  o f  t he  cleavage process and were 
therefore  designated already i n  my first work as pa thologica l .  
pursued t h e  development of t hese  f u r t h e r  and 
from them and t h a t  s eve ra l  invaginat ions form n these  blastoderms. There- 
f o r e ,  he c a l l e d  them polygas t ru lae  but  could not  keep them a l i v e  any longer 
beyond t h e  s t age  ind ica t ed .  He assoc ia ted  with them the  hypothesis t h a t  
double and mul t ip le  formations appear t o  r e s u l t  from mult iply f e r t i l i z e d  
eggs - 

i n  some manner o r  another ,  
Only s ing ly  f e r t i l i z e d  eggs 

Fol has 
und t h a t  blastoderms a r i s e  

Some years  l a te r  Fol re turned  again t o  h i s  hypothesis i n  a s h o r t  com- 
munication i n  the  Genfer Archiive, 
temporarily by p lac ing  them in- an atmosphere o f  carbon dioxide and thereupon 
produced polyspermy by t h e  addi t ion  o f  sperm. He states t h a t  i n  t h i s  manner 
he obtained la rvae  which represent  doqble and mul t ip le  malformations 
(polygastrulae) .  
al lows, t h a t  sometimes t h e  in t roduct idn  o f  two spermatozoa produces no 
anomalous phenomenon. 
3 a l i m i t  i s  reached which cannot be exceeded by an egg without being 
punished. In t h i s  regard Fol remarks, This fact has incontes tab le  
t h e o r e t i c a l  importance since it shows t h a t  t he  spermatozoon doesn ' t  represent  
an i n d i v i d u a l i t y  by i t s e l f ,  bu t  only ;ai c e r t a i n  dose of  nuc lear  substance,  
without doubt possessed o f  s p e c i a l  p r a p e r t i e s .  The quest ion of  t h e  o r i g i n  
of  i n d i v i d u a l i t y  i s  not  absolu te ly  l inked t o  t h e  dose nor t o  the  source o f  
t h e  substance o f  t h e  nucleus.  The number of i n d i v i d u a l i t i e s  which w i l l  t a k e  
b i r t h  i n  a normal egg can only be recognized from t h e  number of amphiasters 
which appear from t h e  t i m e  of  t h e  f 

H e  c r ipp led  t h e  eggs of  s ea  urchins  

He modified h i s  o r i q i n a l  hypothesis  t o  t h e  ex ten t ,  as he 

On the  o t h e r  hand, he be l ieves  t h a t  with t h e  number 

caryokinesis  . '' 
With s h o r t e r  asphyxiation of  t g, according t o  
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- spermatozoa pene t r a t e  i n t o  the  egg and y i e l d  la rvae  which very f requent ly  
g asphyxiation polyspermy by present  double formations; w i  

5-10 spermatozoa ensues. If ment occur (which i s  not  always 
the  case)  manifold formations u l a  monsters). 

Independent of Fol my b r  c r ipp led  egg cells o f  echino- 
c derms by chemical substances o t i c s ) ,  by mechanical shaking, 

by hea t  and co ld  and have produced s l i g h t e r  and h igher  degrees of  polyspermy 
upon add i t ion  of sperm. We have extensively followed the  developmental 
processes  caused thereby. The o r i g i n a l  works [27]  are t o  be examined with 
regard t o  very s t r ange  nuclear  d iv i s ion  f i g u r e s ,  t h e  bud cleavage, e t c .  
However, w e  could obta in  no assurance about t h e  condi t ion f o r  t h e  o r i g i n  o f  
mul t ip le  formations i n  t h e  mater ia l  f o r  s tudy.  O f  course t h e  important 
f a c t  appeared t h a t  mul t ip ly  o v e r f e r t i l i z e d  eggs, i n  s p i t e  of  the  fact t h a t  
they had divided i n  an e n t i r e l y  i r r e g u l a r  manner i n t o  a mass of  c e l l s  during 
the  course of  bud-cleavage f i n a l l y  y ie lded  normal blastoderms i n  totowhich, 
by v i r t u e  of  t h e i r  g l i t t e r i n g ,  propel led  themselves i n  a r o t a r y  manner i n  
the  water.  Frequently,  however, develop f u r t h e r  beyond t h i s  /485 
s tage ,  i n  s p i t e  of  t h e  f a c t  t h a t  a l i v e  f o r  some days, a 
phenomenon which a l s o  occurs very commonly with hybrid f e r t i l i z a t i o n .  Thus 
t h e  eggs have obviously l o s t  the  l i f e  force ,  whether as t h e  a f t e r  e f f e c t  of 
i n ju r ious  t reatments  o r  through t h e  act  of polyspermy i t se l f .  
t o  t h e  hypothesis of  Fol,  we have expressed ourse lves  as follows i n  the  above 
mentioned work on t h e  b a s i s  of  our experiences:  

With regard 

"During our s t a y  a t  the  sea ,  we have devoted s p e c i a l  a t t e n t i o n  t o  the  
quest ion of t h e  o r i g i n  of  mul t ip le  formations.  We have grown thousands of 
la rvae  from o v e r f e r t i l i z e d  eggs and s tudied  t h e  g a s t r u l a  and p lu teus  s t age  
s ince  presumably a t  t h i s  (time twin formation would have t o  be recognized best. 
But our output was diminishing t o  the  van i sh ing  po in t ;  w e  have found some?- few 
la rvae  with double g a s t r u l a  invaginat ion -and -some f e w  p l u t e i  with double 
l i p s .  The s l i g h t  number of  double g a s t r u l a  amounting a t  most t o  about t e n ,  
i s  i n  no proport ion t o  t h e  thousands of s i n g l e  g a s t r u l a  which we have grown 
from o v e r f e r t i l i z e d  eggs, so t h a t  one can u t i l i z e  them i n  no way as proof 
f o r  t h e  view t h a t  double f e r t i l i z a t i o n  causes double malformations. Never- 
t h e l e s s ,  w e  would a l s o  not  l i k e  t o  hold the  theory as r e fu t ed  thereby." 

The l a t t e r  i s  st i l l  my viewpoint even now. Although my experiments on 
f rog  eggs t h i s  time have l ikewise l ed  t o  no p o s i t i v e  r e s u l t s ,  I would s t i l l  
l i k e  t o  advise  how t o  seek the  so lu t ion  s t i l l  f u r t h e r  i n  t h e  way previously 
ind ica t ed ,  
c e r t a i n t y  t h a t  an immediate, d i r e c t  connection does not  e x i s t  between over- 
f e r t i l i z a t i o n  and mul t ip le  formation. I t  can no longer  be thought t h a t  two 
spermatozoa cause a double formation y t h e i r  pene t ra t ion  and t h a t  t h ree  
cause a t r i p l e  formation. Even Fol lows t h a t  i n  echinoderms, as Selenka 
has a l ready emphasized, t h e  in t roduct ion  of  two sperm nuc le i  produces no 
abnormal phenomenon. And my b ro the r  I have obtained normal gas t ru l ae  
and p l u t e i  from eggs of  which a la rge  

+- - _ _  - 

For one th ing  we can of  course say even now with considerable  

rt must have o r ig ina t ed  from 
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o v e r f e r t i l i z e d  eggs t o  judge from t h e : r e l a t i v e  propor t ions  ( ind iv idua l  

- cu l tu re s  of  o v e r f e r t i l i z e d  eg 
found t h a t  f r o g ' s  eggs which 
therefore ,  must have been mult 

ed o u t ) .  Even now I have 
i r r e g u l a r  cleavage an 

according t o  t h e  genera 
wledge, y i e lded  nor  d iv idua l  cases i n  which 
s o l a t e d .  J u s t  as n s can be obtained from a minus 
normal substance ( ts o r  i s o l a t e d  cleavage spheres)  

normal ind iv idua l s  can a l s o  b 
spermatozoa. Thus w e  can cont evelopment with an excess 
development . 

a p lus  -- one egg and seve ra l  

If even now no d i r e c t  connection i s  demonstrable between o v e r f e r t i l i -  

We must s p e c i a l l y  not  overlook an important po in t .  
za t ion  and mul t ip l e  formation, such a connection could s t i l l  e x i s t  i n  an 
i n d i r e c t  way. Every 
normally f e r t i l i z e d  egg -- i f  I may borrow an expression o f  Chabry's -- 
"represents  an organic  system e x i s t i n g  i n  balance i n  which it i s  impossible 
t o  d i s t u r b  t h e  p o s i t i o n  o r  form o f  one of i t s  p a r t s  without having t h e  o the r  
spontaneously and d i r e c t l y  ass o t h e r  s ta te  of equi l ibr ium."  (p. 147) 
Removal as w e l l  as add i t ion  of  i zed  p a r t  w i l l  produce a 
d i so rde r  under a l l  circumstances as an in t e r f e rence  with t h e  system and 
regula tory  processes  w i l l  have t o  take  place so t h a t  i n  sp i t e  of  i t ,  

/486 - 

development approaches t h e  norm. If d i so rde r s  i n  the system a re  no t  compen- 
s a t e d  then they w i l l  be expressed i n  t h e  first p lace  c h i e f l y  as de fec t s :  
a r t i f i c i a l  p a r t i a l  formations w i l l  e a s i l y  show some s o r t  o f  lack i n  t h i s  o r  
any o t h e r  p l ace ,  as it r e s u l t s  a l s o  i n  the  exper n t s  of Chabry. Shouldn't  /487 
t h e  oppos i te  a l s o  occur under s p e c i a l  circums 

The pene t r a t ion  of two o r  more spermatoz always causes a very con- 
s i d e r a b l e  d i so rde r  i n  t h e  process  of  development of  t h e  egg. If two sperm 
nuc le i  combine with t h e  egg nucleus i n  Echinoderms, then a te t ras ter  
arises and i n s t e a d  o f  d iv id ing  i n  two,-_the egg is  cons t ruc ted  equa l ly - in to  
fou r  cel ls  a t  somewhat t h e  same time,, 
spermatozoa-, t h e  most complicated nuc 
egg d iv ides  i n  t h e  manner of  a comple 
l a r g e r  number of  component p a r t s  which inc rease  f u r t h e r  i n  t h e  manner of 
b inary  f i s s i o n ,  

with excess development? 

i - -  ~- ~ 

- 
n- pene t r a t ion  of t h r e e  o r  more 
ar d i v i s i o n  f igu res  appear 
l y  unregulated bud cleavage i n t o  a 

If the  protoplasmic body of t h e  egg has not  a l ready  been 

and t h e  

I t  seems t o  me t o  be no t  unthinkable and, t o  a c e r t a i n  ex ten t ,  only a 
counterpar t  t o  t h e  independent development of  an egg h a l f  t h a t  two eggs, 
j u s t  f e r t i l i z e d ,  i f  they  can be f r eed  from t h e i r  cas ing ,  j o ined  toge the r  i n  
t h e  fash ion  of  t h e  f irst  cleavage h a l f  spheres  and surrounded by a common 
casing,  would behave f u r t h e r  i n  t h e  fash ion  o f  a divided cleavage sphere and 
develop toge the r  t o  form a s i n g l e  embryo. 

nuc le i  are a l l o t t e d ,  very v a r i a b l e  condi t ions must take  p l ace  t o  which 
s p e c i a l  a t t e n t i o n  w i l l  have t o  be d i r e c t e d  i n  f u t u r e  inves t iga t ions  first t o  
favorable  objects, as well as t o  t h e  ques t ion  of whether i n  any manner a 
r egu la t ion  !of numer i cal proport ions 

\Hearby I w i l l  remark, t h a t  i n  t h e  nqmber of  chromosomes, which t h e  daughter 

roduced i n  add i t ion .  
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---damaged too  much i n  i t s  v i a b i l i t y  befqre  f e r t i l i z a t i o n ,  a group o f  small 
- ce l l s  forms and t h e s e  arrang 

shape t o  form a blastoderm an 
from a s i n g l y  o r  mul t ip ly  fe 

s can be decided on 
ons become pe rcep t i  e .  We can the re fo re  say:  The 
roduced by ove r fe r  i t  has become l a t e n t  f o r  us 

i n  t h e  blastoderm s t age ,  f i n d s  expression again only i n  t h e  a l t e r a t i o n  of  
t h e  g a s t r u l a t i o n  process .  

i n  t h a t  they  assume a c y l i n d r i c a l  
Tonger t e l l  whether it is 

t h e r  o r  no t  a mul t ip le  
a s t a g e  i n  t h a t  two o r  

For echinoderm eggs Fol s ta tes  t h a t  he has more f r equen t ly  observed 

According t o  these  and o the r  r e s u l t s ,  it w i l l  appear t o  me  as i f  
two g a s t r u l a  invagina t ions ;  w e  have succeeded only i n  a few except ional  
cases. 
small, yolk-poor eggs are genera l ly  l i t t l e  s u i t e d  f o r  t h e  production of 
mul t ip le  formations j u s t  because of  t h e i r  smallness ,  because on t h e  b l a s t u l a  
su r face  l i t t l e  space is  present  f o r  mul t ip le  invaginat ions and t h e  formation - /488 
of an invagina t ion  could a l ready  be a b a s i s  f o r  prevent ion of  t h e  formation 
of f u r t h e r  ones. 
d i f f e r e n t  form. Therefore,  a s t e racan th i  eggs, which are l a r g e r  than sea 
urchin eggs and possess  more deutoplasm, 
unimportant, perhaps a l ready  o f f e r  more favorable  condi t ions ,  as Fol has  
become mindful before  anyone o f  t h e  appearance of s eve ra l  g a s t r u l a  invagin- 
a t i o n s  i n  t h i s  o b j e c t .  

Rauber has  a l ready  poin ted  t o  t h i s  moment i n  a somewhat 

i c h  I l ikewise  do not  consider  as 

The s ize  and t h e  abundance o f  yo m s  t o  me  t o  fa l l  i n  t h e  

as been observed most 
With mul t ip l e  f e r t i l i z a t i o n  many nuclear  f i g u r e s  would f o r m  

balance i n  t h e  following manner. Let meroblast ic  eggs of f i s h e s  
and b i r d s  i n  which, up t o  now, mul t ip le  forma 
f requent ly .  
i n  t h e  germinal d i sk  which would thereby be more\ qu ick ly  -d iv ided  i n t o  cel ls .  
Since n u c l e i  accumulate protoplasm i n  t h e i r  environment, then perhaps t h e  
protoplasmic p a r t s  a l s o  wou 
the  germinal d i sk  even more The 
d i sk  would the re fo re  not  only cleave more quick ly  but  a t  t h e  same time be 
even r i c h e r  i n  substance capable of development and thus would be induced t o  
production of  two o r  t h r e e  invagina t ions .  However, mul t ip le  g a s t r u l a t i o n  
serves  as t h e  s t a r t i n g  po in t ,  demonstrable with c e r t a i n t y ,  f o r  t h e  t y p i c a l  
mul t ip le  formations of  v e r t e b r a t e s ,  as w e  have seen.  

-be drawn hereby from t h e  n u t r i e n t  yolk toward 
o than a l ready  happens i n  a normal manner. 

The quest ion regarding t h e  mode of ac t ion  of  o v e r f e r t i l i z a t i o n  is 
complicated f i n a l l y  by st i l l  a f u r t h e r  moment. 
wonderfully arranged, regula tory  a b i l i t y  through which o v e r f e r t i l i z a t i o n  i s  
prevented. That depends on a g r e a t  i r i t a b i l i t y  which br ings  about immedi- 
a t e l y  c o n t r a c t i b l e  and sec re to ry  proc sses. From t h e  s t imulus produced by 
t h e  contac t  with t h e  head o f  an adequ t e  spermatozoon the  cell  responds by 
shedding of  a membrane and expressing o f  a s l i g h t  amount of p e r i v i t e l l i n e  
l i q u o r  whereby t h e  pene t r a t ion  o f  
The e n t i r e  mechanism works s o  prompt 
inve r t eb ra t e  animals, even i f  t h e i r  
spermatozoa upon mixing with a l o t  
of only a s i n g l e  one. Therefore,  o v e r f e r t i l i z a t i o n  resupposes a 

Every hea l thy  egg has  a 

e r  spermatozoon i s  made impossible.  
a t  a r t i f i c i a l l y  f e r t i l i z e d  eggs of 
ce is  immediately covered by many 
i n a l  f l u i d ,  permit t h e  pene t r a t ion  
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Î l e s s e r  degree of  i r r i t a b i l i t y  

a membrane, and mainly a d i so  gula tory  mechanism; however, 
t h i s  w i l l  always be t h e  r e s u l  
has experienced before  f e r t i l  
w i l l  have t o  be added t o  t h e  
o v e r f e r t i l i z a t i o n .  These d i s  nnected with t h e  damage of  - 

a slower course of shedding of 

g r e a t e r  injury'which t h e  
r e s u l t  of t h i s  t he  d i s t u  

ormal development caused by 

I the  protoplasmic bodies o f  t h  t from t h e  beginning. 

I discover  a s i g n  o f  a dis turbance of  t h i s  kind i n  o v e r f e r t i l i z e d  
echinoderm eggs i n  t h e  fact t h a t  from t h e  egg content  shinning globules ,  t o  
a c e r t a i n  ex ten t  dead p a r t s  which have become unused, a r e  sec re t ed  i n t o  t h e  
cav i ty  of the  blastoderm ( s t e reob la s tu l ae ) .  Many fundamental changes could 
be observed i n  o v e r f e r t i l i z e d  f r o g ' s  eggs (P la t e  20, Fig. 21  t o  27).  
Sometimes only the  animal h a l f  of  t he  egg had en tered  the  process of  

/489 

development (Fig. 21 ,  22),  while t he  vege ta t ive  h a l f ,  s ince  it contained a 
l e s s e r  quan t i ty  of  protoplasm, i s  not  divided i n t o  c e l l s  and bears  s igns  of  
d i s i n t e g r a t i o n  (vacuol izat ion,  e t c . ) .  Nuclei and even ind iv idua l  c e l l s  
(Z1), i s o l a t e d  o r  l y ing  toge ther  i n  groups, occur i n  i t .  Findings o f  t h i s  
kind can only be i n t e r p r e t e d  t o  mea a t  i n  t h e  damaged egg the  v i ab le  
substances and those which have d i e  pa ra t e  from one another as a r e s u l t  
of  f e r t i l i z a t i o n ,  which i s  conveyed i n  a very d i f f e r e n t  manner i n  the  pre-  
para t ions  i l l u s t r a t e d  i n  Table 20. In  one egg (Fig. 23) i s l ands  of  small ,  
pigmented cells ,  spread out  i n  one t o  two p laces ,  have formed only i n  t h e  
cor tex  of  t he  animal pole  on t h e  vacuolized yolk mass; i n  another case 
(Fig. 21) a b l a s t u l a  has a r i s e n  i n  which only t h e  animal h a l f  cons i s t s  o f  
c e l l s  while t he  vege ta t ive  h a l f  cons i s t s  of  p a r t i a l l y  dead yolk mass. 
i n  some cases  (Fig. 24, 26, 27) we see  t h a t  t he  l i v i n g  substance,  which has 
separated from the  remainder of  the  egg (which is  incapable of development) 
and o f t en  amounts t o  only one h a l f  o r  only a t h i r d  of  the  whole, even 
invaginates  t o  form a g a s t r u l a  and e n develops a nerve p l a t e  (Fig. 26, 27 
mp) and chord. 
respec ts  with t h e  p a r t i a l  formations which Roux has produced by complete 
o r  p a r t i a l  descruct ion of  one of t h e  f irst  two cleavage spheres .  

And 

Thus p a r t i a l  formati  s have r e s u l t e d  which agree i n  many 

In t h e  same s e r i e s  o f  phenomena I count t h e  f indings which Chabry [ l o ]  
He s t a t e s  communicates t o  us about monstrous l a y a e  of  Asc id i e l l a  aspersa .  

t h a t  i n  t h e  fa l l  toward the  end o f  t h e  spawning per iod  and l ikewise a l s o  
from indiv idua ls  which have been i n  c 8 p i t i v i t y  f o r  a longer t i m e  than he 
has obtained eggs which brought f o r t h  monsters almost exc lus ive ly .  This 
showed e a r l y  i n  i r r e g u l a r i t i e s  of  t h e  cleavage process .  
Chabry has given of  t h i s  agree with t h a t  which I have designated as bud 
cleavage i n  echinoderms. Furthermore Chabry observed t h a t  p a r t s  of t he  
egg died,  a t  times h a l f  o r  even th ree  four ths ,  and t h a t  t he re  developed 
from t h e  remainder which s tayed v i ab le  monstrous l a rvae  i n  which one could 
d i s t ingu i sh  t h e  t h r e e  p r imi t ive  germ l aye r s  and even d i f f e r e n t  organs.  
a l a r v a  w a s  a l s o  discovered which possessed two swimming ta i l s  and a double 
chord. 

. 

I l l u s t r a t i o n s  which 

Once 
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Although Chabry seeks t o  expla  s f ind ings  only through t h e  assumption 
of  parents  monstripores and through t h e  doc t r ine  of a mon 
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germ cel l ,  I s t i l l  be l ieve  t h a t  i n  Ascidia it i s  a l s o  a quest ion o f  damaged 
and mult iply f e r t i l i z e d  eggs, 
e s t ab l i shed  i n  o the r  o b j e c t s ,  

, my bro the r  and I have 

w i l l  have followed t i o n ,  d i f f e r e n t  f a c t o r  
h one another  i n  an gg, fo rces  which tend toward 
t and inf luences  o f  d i s tu rb ing  s o r t .  The former 

are a c t i v a t e d  by f e r t i l i z a t i o n ,  even ?f it i s  mul t ip le ;  t he  l a t t e r  are t h e  
r e s u l t s  of damage which t h e  egg has experienced before  f e r t i l i z a t i o n  through 
overr ipeness  and inf luences  of  a d i f f  r e n t  s o r t .  Accordingly as t h e  first 
o r  t h e  second f a c t o r  predominates, t h  
t o  t u r n  out  very d i f f e r e n t l y .  

end r e s u l t s  of  development w i l l  have 

Let us now survey from t h i s  viewpoint t h e  t e r a t o l o g i c a l  f ind ings ,  which 
one has  obtained from pike  o r  salmon series. 
t o  t h e  experiences of  Lereboul le t  and Rauber t h a t  monstrous eggs occur abun- 
dant ly  i n  many s tocks and o f f e r  d i f f e r e n t  cha rac t e r s .  
mul t ip le  formations a r e  found eggs with b las topore  cleavage and among these  
again,  t h e  b las topore  margin has de times only on one s i d e  t o  
form a h a l f  embryo, while on the  o t  s organforming a b i l i t y  has 
been l o s t .  F ina l ly ,  we recognize eggs i n  which only the  yolk has become 
overgrown by a t h i n  c e l l  l aye r ,  which no longer possess  o r  possess  only 
p a r t i a l l y ,  t h e  a b i l i t y  t o  produce an embryonic rudiment (Molen). In  t h e  
l a t t e r  case, the  rudiment of a t a i l  can have been e s t ab l i shed  from t h e  c e l l  
v e s i c l e ,  while head and forward h a l f  o f  t he  b Even i n  t h e  
monstrous f r o g  eggs a s e r i e s  i s  o f fe red  t o  us 
of b las topore  cleavage, arrest of  o rg  forming a b i l i t y  on one s i d e  of  t h e  
blastopore margin, eggs i n  which only p a r t i a l  development has taken p l ace .  

From what has gone before ,  t he  p o s s i b i l i t y  should not be dismissed t h a t  

/491 
These i t  i s  shown according 

Alongside t y p i c a l  

y are lacking.  
embryos with d i f f e r e n t  degrees 

the  f ind ings ,  which a r e  s o  o f t en  of a d i f f e r e n t  s o r t ,  s tand  i n  a causal  
assoc ia t ion ,  t h a t  i t  i s  a quest ion of  eggs damaged i n  d i f f e r e n t  measure and 
as a r e s u l t  of t h i s ,  ove r fe r t i l i zed , eggs  i n  which t h e  f a c t o r s  promoting the  
r e t a rd ing  process of  development have a s se r t ed  themselves i n  t h i s  way, i n  
t h i s  o r  i n  t h a t  p a r t  of  t h e  rudiment. 

2 

One sees  t h a t  t h e  quest ion regarding t h e  connection between over- 
f e r t i l i z a t i o n  and mul t ip le  formation i s  not  as simple as it appears t o  be 
according t o  the  hypothesis  of Fol.  
s tances  which a r e  s t i l l  d i f f i c u l t  t o  summarize i n  t h e i r  connection. A 
r e l a t i o n  between the  number of pene t r a t ing  spermatozoa and the  kind of  
mul t ip le  formation i s  t o  be disregarded completely at first; on t h e  o the r  
hand, t h e  a l t e r a t i o n s  of t h e  normal course of  t h e  process  o f  development 
produced by o v e r f e r t i l i z a t i o n ,  as well as t h e  s ize  and the  organizat ion of  
the  egg i n  t h e  formation of mons t ros i t ies  w i l l . p l ay  a p r i n c i p a l  r o l e ,  and 
w i l l  have t o  be considered above a l l  i n  a t tempts  a t  explanat ion.  A s  dark as 
t h e  e n t i r e  f i e l d  of  monstrous development may s t i l l  be,  I f eeJ  s t i l l  t h a t  
a systematic ,  experimental i n v e s t i g  w i l l  succeed i f  it proceeds f u r t h e r  
i n  the  d i r e c t i o n  whose way has been d, t o  spread l i g h t  over many th ings .  

Iit i s  a quest ion o f  complicated circum- 
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One w i l l  have t o  produce o v e r f e r t i l i z s t i o n  by a r t i f ic ia l  methods i n  eggs of 

_. f i s h e s ,  amphibians and i n v e r t  
n a t u r a l l y  deserve preference  
bf eggs t h e  least (overripene 
Abnormalities of t h e  cleavage 
abnormally cleaved eggs, as B 
experiments, t o  be grown f u r t h e r  i n  i s o l a t i o n .  
w i l l  not be lacking with a choice of 3 s u i t a b l e  o b j e c t .  

Of t h e s e  methods, those  
amage t h e  developmental a b i l i t y  
t h  carbon dioxi.de, cold,  e t c . 1 .  
ereby be observed which become 
ady undertaken i n  a series o f  

Success f o r  these  e f f o r t s  

" ,  

. i '  . 
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a anus 

ab o p t i c  v e s i c l e  * 
ar anal  groove, anal  tube 

af anal  fo lds  

ak o u t e r  germ l a y e r  

au eye 
1 ch chord, ch of  t h e  l e f t  s ide ,  

chk chord canal 

d yolk 

dP yolk plug 

da i n t e s t i n e  

d l  i n t e s t i n a l  l i p  

2 ch o f  t h e  r i g h t  s i d e  

ds I i n t e s t i n a l  bundle 

ed hind-gut 

f f i n  

f h  

g 
h 

hb 

hz 

i k  

k 

kd 

k i  

1 

1s 

mk 

m r  

mP 
mw 

m s  
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cleavage cav i ty  

s p i n a l  ganglion 

adhesive d isk  

audi tory v e s i c l e  

h e a r t  

i nne r  germ l a y e r  

head, k', k 

cephal ic  duct cavi ty  

g i l l s  

l i v e r  

l e f t  t a i l  h a l f  

middle germ l a y e r  

me d u l l  a ry  tub e 

medullary p l a t e  

2 l e f t  and r i g h t  head rudiment of  the  double formation 

medullary fo lds  

muscle segment 



n 

P 

P r  
r 

rs 

S 

sf 

sk  

s ch 

t 

ud 

u l  

uo 

u r  

us 

ug 
uw 

va 

VP 

V 

Z 

Z 

Z 

1 

2 

W 

ge t  

s u t u r e  

pigment 

p r imi t ive  groove, p r  , p r  

body 

e f t  and r i g h t  rudiment 

r i g h t  t a i l  h a l f  

t a i l  

t a i l  f i n  

t a i l  bud, s k  , s k  of  t h e  l e  t and r i g h t  s i d e  

septum 

infundibulum 

p r imi t ive  i n t e s t i n e  
1 blas topore  l i p ,  u l  , dorsa l ,  

b las topore  

b las topore  margin, u r  , t he  p a r t  included i n  fus ion ,  u r  
s i t u a t e d  i n  t h e  germinal d i sk  margin 

p r imi t ive  s egmen t 

mesonephric duct 

overgrowth margin (1-5 a t  d i f f e r e n t  s t ages )  

vacuo 1 e 

connection p l a t e  

connection p lace  

i n t e r s  p ace 

ce l l s  i n  t h e  yolk 

cel ls  divided by furrows on 

entrance i n t o  t h e  cephal ic  d 

1 2 

1 2 p a r t  

Explanation o f  Figures in Tables 16 - 20 
- female 

- k i l l e d  

b e f r -  f e r t i l i z e d  

cons- preserved 

/493 

97 



Fig.  

F ig .  

F ig .  

---” 

1 Ma 1 formed Fro With the Highest Degree o 
Blastopore C 1  m the Dorsum. Egg o f  a 
Frog K i l l e d  o i l i z e d  on the 16th, and 
Preserved on the 23d. 

2 A S i m i l a r  Malformat ion B f  seen from the Dorsum. Egg 
F e r t i  1 i zed  on the  17th, Preserved on the 23d. 

3 La te ra l  View o f  F ig .  2 

F ig .  4 A S i m i l a r  Malformat ion Bb 

F ig .  5 A S i m i l a r  Malformat ion Ba 

F ig .  6 Malformat ion J 

Fig .  7 Malformat ion J . Embryos J1  nd J3 are Der ived From Eggs 

1 

3 
o f  a Female K i l l e d  on the 14th. 
the  16th, and Preserved on the  21st.  

They Were F e r t i l i z e d  on 

F ig .  8 A1 ready Rather Widely Developed Mal format ion Bk With 
Normally Formed Head End (Opt Au Vesic les)  With 
Blastopore Cleavage i n  the M i  f t  sum i n  Front  o f  
the T a i l  End Which i s  Turned Back Dorsa l l y .  

F ig .  9 Malformat ion N With Closure o f  the Blastopore i n  the  Most 
Forward Segment o f  the Body, While i t  i s  Otherwise S t i l l  
Open t o  a Complete Extent .  The Embryo i s  Derived From the 
Egg o f  a Female K i l l e d  on the 14th. The Egg Was F e r t i l i z e d  
on the  16th and K i  1 l e d  on the 23d. 

F ig .  10 Malformat ion M. Female K i l l e d  on the 14th, F e r t i l i z e d  on the 
16th, Preserved on the 23d. 

F ig .  1 1  E 
12 Malformat ion 0 With P a r t i a l l y  Developed Head End, Extensive 

Blastopore Cleavage and Double T a i l  Bud. F ig .  1 1 ,  View 
From the T a i l  Side i n  Order t o  Show the Surface. F ig .  12, 
Embryo Seen Somewhat L a t e r a l  l y  From the Dorsal Surface. 
(W, 14th K i  1 l ed ,  16th F e r t i  1 ized, 23d Preserved.) 

F ig .  13 Malformat ion F With Normally Developed Head End, Blastopore 
Cleavage i n  the Middle o f  the Dorsum and Appearance o f  T a i l  
Buds. (W, 14th K i l l e d ,  16th F e r t i l i z e d ,  23d Preserved).  
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Fig.  14 

F ig ,  15 E 
16 

F ig.  17 

F ig .  18 G 
19 

Fig .  20 

F ig .  21 

F ig .  22 

F ig .  23 

F ig .  24 

F ig .  25 

F ig.  26 

Fig.  27 

Malformat ion G With Nqrmally Developed Head End and Forward 
Body End, With leavage i n  Front  o f  the Tai 1 
Root (W, 14th F e r t i  1 ized, 23d Preserved 

6 

Mal format ion Cleavage and Dwarfing o 
Right  Side o f  the  Body, With a Developed L e f t  and T a i l  H a l f ,  
(W, 17th F e r t i  1 ized, 23d Preserved.) 

Malformat ion T With Closed Head and Body, But S p l i t  T a i l  End. 
(17th F e r t i  1 ized, 23d 

Malformat ion Bg With L i t t l e  Developed Head End With S p l i t  
T a i l  End, With Wide Blastopore Margin, F ig .  18 With La te ra l  
View, F ig .  19 With View From the Dorsum. 

Widely Developed Embryo S With the Remainder o f  a Blastopore 
Cleavage i n  Front o f  the  T a i l  End Which i s  Turned Back 
Dorsal l y .  (17th F e r t i  1 ized, 23d Preserved) 

Widely Developed Embryo B With the Remainder o f  a Blastopore 
Cleavage i n  Front  o f  the T a i l  End Which i s  Turned Back a t  
a R igh t  Angle. 

Widely Developed Embryo V With T a i l  End Turned Back a t  a 
Right  Angle, A Small, Hardly V i s i b l e  Opening on the Dorsum 
and the Remainder o f  a Blastopore Cleavage. 
23d Preserved) 

Malformat ion P S i m i l a r  i n  Shape t o  F ig.  22. (W, 14th K i l l e d ,  
16th F e r t i  1 ized, 25th Preserved) 

P ike  Embryo a t  the End o f  the T h i r d  Day With Blastopore 
Cleavage. 

The Same on the Seventh Day. Copy According t o  Le rebou l l e t .  
Both Figures are  Redu ed by One H a l f  and Have Been Drawn 
With Ind ian  Ink.  

(17th F e r t i l i z e d ,  

Malformat ion Cb. I n  the Head and Body Region, I n  Which the 
Blastopore Has Closed, the Medul lary Folds Develop, But On 
The Hind End the  Blastopore i s  S t i l l  Wide Open. (17th 
F e r t i  1 ized, 21st Preserved) 

Malformat ion Ca. 
a t  the Head End, While the Hind End Shows a Blastopore S t i l l  
Wide Open. The Mal t i o n ,  Descended From Eggs o f  a 
Female K i  l l e d  on t h  h, Which Were F e r t i l i z e d  on the 16th. 

Egg ‘ I n  Which the  Medul lary Folds Develop 
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Fig.  28 

F i g .  29 

F ig.  30 

F ig.  31 

F ig.  32-35 

1 QQ 

The Egg Showed I r r e g u l a r  Cleavage and Was Iso la ted ,  Pre- 
served on the  

E 

Ma 1 format ion  rma l ly  Developed Dorsal Region, But 
a Wide Blasto the Hind End Beneath the T a i l  
Bud, Seen Fro 

Malformat ion Ac With the  Remainder o f  a Blastopore Cleavage 
on the  HindiSnd, Seen From € h e  Dorsum. 

Malformat ion Ab With he Reaminder o f  a Blastopore Cleavage 
On the Hind End, Whe i t  i s  Pushed Somewhat t o  the  Ventral  
Side, Seen From the  Ventral  Side. 

~ ~- - 

Malformat ion H With Beginning T a i l  Formation and the  /495 
Remainder o f  a Blastopore Cleavage, Which i s  Found V e n t r a l l y  
I n  Front o f  the  T a i l  Root, Seen From the Side. (S, 14th 
K i  1 led, 16th F e r t i  1 i 

Eggs o f  a Female K i l l e d  on the 14th, Which Was F e r t i l i z e d  
on the  16th and 4 Hours A f t e r  A d d i t i o n  o f  Sperm Showed 
Baroque Cleavage i n  the  Manner Sketched. The Eggs Were 
Iso la ted .  From the Eggs I l l u s t r a t e d  i n  F ig .  22 and 23 
There Developed Embryos With r y  Folds, I n  the Eggs 
I l l u s t r a t e d  i n  F ig .  34 and 35 t r u l a t i o n ,  e t c .  Appeared. 

res e rve  d ) 



P l a t e  16 
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F ig .  1 C ross-sect ion  most Head End o f  Mal fo  
1 J (P la te  16, 

F ig .  2 Cross-sect ion Through the Middle o f  the Body o f  the  Same 

F ig .  3 Cross-sect ion Through the Hind T h i r d  o f  the Body o f  the Same 
1 Malformat ion (J ) .  

S a g i t t a l  Sect ion Near ' t h e  Medial Plane Through Mal'formation 
0 (P la te  16, Fig .  12), 

1 

F ig .  4 
*I 

F ig .  5 

F ig .  6 

F ig .  7 

F ig .  8 

F ig .  9 

F ig .  10 

F ig .  1 1  

F ig .  12 

F ig .  13 

From the Same Object  A S a g i t t a l  Sect ion Which Rather 
Coincides W i t  e and From Which Only the  T a i l  
End Has Formed. 

Cross-sect ion Through the  La te ra l  Blastopore Margin o f  the 
Same Object  Somewhat i n  the Middle o f  the Body. 

Cross-sect ion Through the P o r t  i f the La te ra l  Blastopore 
Ma r g  i n o f  Ma 1 format ion-  F Wh i ch 
(P la te  16, F ig .  1 3 ) .  See A lso  e 18, F ig .  19-25. 

Medial Sect ion Through Malformat ion Ba (P la te  16, F ig .  5 ) .  
See Also F ig .  1 1 ,  12 and 20 o f  P l a t e  17. 

Medial Sect ion Through Malformat ion M (P la te  16, F ig .  l o ) .  
See Also F ig.  17, P l a t e  17. 

Cross-sect ion Through the  L a t e r a l  Blastopore Margin i n  the 
Hind T h i r d  o f  the Bod$ o f  Embryo B f  (P la te  16, F ig .  2) .  See 
A lso  F ig .  16 and 22, 

Cross-sect ion Through r a l  Blastopore Margin i n  the 
Forward T h i r d  o f  the a l fo rma t ion  Ba. See Also 
Fig .  8 and 12. 

From the Same Object  a Cross-sect ion Through the La te ra l  
Blastopore Margin i n  fhe Hind T h i r d  o f  the Body. 

Cross-sect ion Through the Hind End o f  Malformat ion J1  (P la te  
16, F ig .  6)  a t  the  P l q t e  Where the  Blastopore Margins Have 
Folded Up Over the  Gut Cav i ty  t o  Form the T a i l  Suture 

' t Reached C 1 os ure 

t 

1 

(See Also P l a t e  17, . 1-3).  
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F ig .  14 

F ig .  15 

F ig .  16 

F ig .  17 

F ig .  18 

F ig .  19 

F ig .  20 

F ig .  21 

F ig .  22 

_“I___ - - ~ - - ~ - - ~  1 _ _ “ ~  - - .Î  I l_.ll I- 

e r  t o  the Rear. 

Medial Sec t io  ormat ion J3 (P la te  16, F ig .  7 ) .  
d 21 i n  P l a t e  17.. 

Medial Sec t io  mation B f  (P la te  16, F i  
See Also Figures 10, 22 i n  P l a t e  17. 

S a g i t t a l  Sect ion a t  Some Distance From the  Medial Plane o f  
Malformat ion M (P la te  16, F ig .  10) .  Compare a l s o  the Medial 
Sect ion F ig .  9. 

Cross-sect ion Through the La te ra l  Blastopore Margin o f  
Malformat ion J3 From Which S a g i t t a l  Sections Are I1 l u s t r a t e d  
i n  F ig .  15, 19, 21. 

3 

S a g i t t a l  Sect ion Through the Medul lary  P l a t e  and the P r i m i t i v e  
Segments on t t e  pore Margin o f  the Same Mal- 
format ion (Se 

S a g i t t a l  Sect ion i n  the  Region o f  the Chord Sitluated On the 
Latera 1 B las topor  i n  o f  Malformat ion Ba (See-Also 
F ig.  8, 1 1 ,  12). 

S a g i t t a l  Sect ion e Chord S i t u a t e d  on the 
La tera  1 B 1 as topor  a t i o n  J3. Preparat ions 
o f  the Same Ser ie  Is0 I l l u s t r a t e d  i n  F ig .  
15 and 19. (Compa o the Cross-sect ion F ig .  18).  

Cross-sect i on  Through the L a t e r a l  Blastopore i n  the Forward 
Thi  r d  o f  the Body o f  
Cross-sect ion F ig .  15 and the Medial Sect ion F ig .  16).  

a l f o rma t ion  B f .  (Compare A lso  the 
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Fig .  1 

F ig .  2 

F ig .  3 

P l a t e  18 

Cross-sect ion ead End o f  Malformat ion N 
16, F ig .  9) .  

From the Same sec t i on  o f  the  Ser ies Fol lowing 
Somewhat More Toward t h e  Rear i n  Which L e f t  and R igh t  Bra in-  
Halves Withdraw From dne Another. 

From the Same Object  7 Cross-sect ion Through the Forward 
T h i r d  o f  the Body i n  fhe Region o f  the Blastopore Cleavage. 

I 

Fig .  4 From F ig .  3 the L e f t  t l a s t o p o r e  Margin Drawn a t  Somewhat 
Greater M a g n i f i c a t i o n '  

F ig .  5 Cross-sect ion  End o f  the Same Malformat ion 
N, I n  the Reg L e f t  and Right  Blastopore 
Ma r g  i n . 

F ig .  6 A Cross-sect ion o f  the Ser ies Fol lowing Somewhat Fur ther  
Toward t h e  Rear o f  the Same Object .  

F ig .  7 A Cross-sect ion Throu ove o f  the Same Object ,  
Somewhat More G rea t 1 y 

F ig .  8 A Hor izon ta l  Sect ion rmat ion W Through the 
Hind End i n  the Region Above the  Anal Groove. 

I 

Fig .  9 

F ig .  10-12 

F ig .  13-15 

F ig .  16 

F ig .  17 

A Hor izon ta l  Sect ion o f  the Ser ies Fol lowing Somewhat More 
V e n t r a l l y  Through the Anal Groove o f  the Same. 

Three Hor izon ta l  Sect ions o f  a Ser ies Through the Hind End 
o f  Embryo G. (P la te  16, Fig.  14).  F ig .  10 Sect ion Above 
the  Anal Groove, F i g . , l l  Sect ion Through the Anal Groove. 
F ig .  12 Sect ion Benea h the Anal Groove. 

I n d i v i d u a l  Cross-sect ons From a Ser ies Through the  Curved 
Back Tai 1 End o f  Mal f rmat ion Bk (P la te  16, Fig.  8 ) .  

Cross-sect ion Through the  Hind Head P o r t i o n  o f  Malformat ion 
Bg (P la te  16, F ig .  18) From the Region Where the Bra in  
Halves Withdraw La te r  l l y  From One Another End the Chord 
Div ides.  

From the Same Embryo a Cross-sect ion Which Fol lows Soon 
From the  Foremost Regjon o f  the Blastopore Cleavage Where 
the Cephal ic Duct C Opens t o  the Outside. See A lso  
F ig .  26. 

1 
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Fig .  18 

F ig .  22-25 

F ig .  23 

F ig .  24 

F ig .  25 

F ig .  26 

Fig.  27 

F ig .  28 

F ig .  29 

F ig .  30. 

108 

4 

Cross-sect ion Through Embryo F (P la te  16, F ig .  13) From the  
Reg ion  Beh i nd 
and Chord Begi 

From the Same M nsecut ive  Cross-sect ion 
Ser ies.  F ig .  ugh the  O r i f i c e  o f  the Cephal ic 
Duct Cavi ty .  See A ~ S Q  P l a t e  17, F i g ,  7. 

here the D i v i s i o n  o f  Spinal  Cord 

Fron ta l  Sect ions From a Ser ies Through the Hind Body End o f  
Malformat ion F, WhoselForward Body P o r t i o n  Was Analyzed i n  
Cross-sect ion (Fig.  18-21). F ig .  22 Cross-sect ion Through 
the  Hind End o f  the B as top0 re  C 1 eavage . 
Cross-sect ion Through the  Place o f  Fusion o f  the Rear 
B 1 as top0 re  Ma r g  i ns . 
Cross-sect ion Through the Tai 1 Root and the  Anal 'Groove. 

Cross-sect ion Bud. 

Cross-sect ion Through the  Cruved Back T a i l  Rudiment, S p l i t  
I n t o  Two Halves, o f  Malformat ion Bg (P la te  16, F ig .  18 and 
19) .  Se Also F ig .  16 and 17 (P late 18) .  

Cross-sect ion Through the Middle the Body o f  Malformat ion 
X (P la te  16, F ig .  15 and 16), With Right  B lastopore Margin 
Curved Forwa r d  . 
Cross-sect ion Through Malformat ion H (P la te  16, Fig.  31) 
I n  the  Region o f  the mainder o f  a Blastopore Cleavage 
S i tua ted  Ventral  l y  i n  ron t  o f  the Tai 1 Root. 

Copy Accord i ng t o  Oel cher ( i . e .  P l a t e  18, F ig .  6 ) .  
Reduced by One H a l f .  ross-sect ion Through a Katadidymus 
o f  T r u t t a  F a r i o  Which ossessed a Blastopore Cleavage Up To ~ 

the Lobus Opt icus.  The Sect ion i s  Made Through the L i v e r  
Reg ion.  

Copy According' t o  Ler:boullet (i .e., Fig.  32).  
o f  a P ike  Egg 50 Hours Old. Yolk Hole. Germinal Fold. 
Extension o f  i t .  

Germinal Fold 
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P l a t e  19 

Fig .  1-3 Cross-sect ion a i l  End o f  Embryo B (P la te  16, 
F ig .  21) With 

F ig .  4 Cross-sect ion 1 Region o f  Embryo K. 

F ig .  5 E 6 The Same o f  Embryo V (P la te  16, F ig .  22).  /49 8 

F ig .  7-9 Three Hor izon ta l  Sections Through the Body o f  Embryo V 
(P la te  16, Fig .  22). F ig .  7 Through the S p l i t  Spinal  Cord. 
F ig .  9 Through the  Sp i t  Chord. F ig .  8 Through the  Opening 
O f  the  Blastopore Cle vage (t) On the Dorsum. 

F ig .  10 E 
1 1  Cross-sect ion Through the T a i l  End o f  Embryo V (P la te  16, 

Fig.  22) With Doubled Spinal  Cord and Doubled Chord 

(chi, ch ) .  2 

F ig .  12-14 Three Cross-sections Through Embryo A. F ig .  12 I n  the Region 
o f  the  Occiput.  
Cord and Chord. Fig. 14 Thro e 81 as topore C 1 eavage . 

Fig.  13  A t  the Place o f  S p l i t t i n g  o f  Spinal  

F ig .  15 Hor izon ta l  Sect ion Through Em ' ( P l a t e  16, F ig .  23) A t  
the  Opening o f  the  Blastopore 

F ig .  16 Cross-sect ion Through the  T a i l  End o f  the Same Embryo. 

F ig .  17 Long i tud ina l  Sect ion Through Embryo Ad (P la te  16, F ig .  28). 

F ig .  18-20 From a Ser ies o f  Sect ions Throu h the  T a i l  End o f  Embryo C 
With S p l i t t i n g  o f  the Chord (chg, ch2). 

Double T a i l  (S2, S')). '  
F ig .  21 Hor izon ta l  Sect ion Through Embryo T (P la te  16, F ig .  17 With 

Fig.  22 E 23 Two Hor izon ta l  Sect ions Through Embryo S (P la te  16, F ig .  2Q).  
F ig .  22 Through the S p l i t  Spinal  Cord. F ig .  23 Through the 
S p l i t  Chord. 

Cross-sect ion Throu F ig .  24 

F ig .  25 Cross-sect ion Throu e Anal Groove of the Same Embryo. 

F ig .  26 Medial Sect ion Thro mbryo Ab (P la te  16, Fig.  30). 

F ig .  27 Cross-sect ion Throu bryo  Ca (P la te  16, Fig.  27) A t  the 

e Tai 1 End o f  the Same1 Embryo. 

B1 as topore C 1  eavage. 
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Fig .  1-4 

Fig.  5 & 
6 

F ig .  7 E 
8 

Fig.  9 & 
10 

F ig.  11-13 

F ig .  14 E 
15 

F ig .  16 

F ig .  17-20 

F ig.  21723 

F ig .  24 

F ig.  25 

F ig .  26 & 
27 

P l a t e  20 

Diagrams t o  S i o n  O f  a Salmon Embryo Through 
Drawing Together and doalescence o f  the Blastopore Margins 
and the R e l a t i  opore Margin (u r )  t o  the Over- 
growth Margin 

J 

Diagrams t o  I1 l u s t r a t e  the Formation o f  Blastopore Cleavage 
Through Defec t ive  Closure o f  the Blastopore Margins (Ar res t )  
i n  Salmon Embryos. ; 

j 

Diagrams t o  Exp la in  t e Condi t ion o f  Blastopore Margin (u r )  
and Overgrowth Margin (uw) i n  Sea Urchin Embryos. 

Diagrams t o  E o n d i t i o n  as i n  F ig .  7 and 8 
For the  Eggs i les .  

Diagrams Regarding the Formation o f  Double Malformat ions o f  
the  Salmon From Two Gastru la  Invag ina t ions .  

Diagrams f o r  Explanat i  mation o f  the 
Chi cken . 
Diagrams For Explanat i  on o f  the Chord Canal i n  Mammals. 

Four Diagrams t o  Compdre the A r r e s t  Malformat ions With 
Blastopore Cleavage F ig .  17, 18 With Normal Development 
F ig .  19, 20. 

Patho log ica l  Eggs I n  h i  ch Ce l l  Formation Has Appeared Only 
I n  a L im i ted  Area, Wh l e  the Greatest  Pa r t  o f  the Yolk Has 
Not Div ided. 

P a r t i a l l y  Developed E g I n  Which the Segment Div ided I n t o  
Ce l l s  Has Formed Two Germ Layers and Had Transformed t o  a 
Sor t  o f  Gastru la .  

An I s o l a t e d  
More Strong 

Two Eggs I n  
Other Hal f  
To Form Two 
Medul lary P 

Ce l l  (Z) Surrounded by I n d i v i d u a l  Yolk Mass. A 
y Enlarged Par t  o f  F ig .  21. 

t 

Which Halq o f  the Yolk Has Not Developed, The 
s D iv ided ! I n to  Ce l l s ,  Which Have Been Arranged 
o r  Three,Germ Layers and Have Even L a i d  Down a 
a t e  (mp). ' 
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